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PREFACE. 


The  materials  which  had  been  collected  for  this  book 
by  Dr.  W.  E.  Steavenson,  were  handed  to  me  by  his 
widow  in  July  last,  with  the  request  that  I  should  com- 
plete it  for  publication. 

On  careful  examination  of  the  manuscript  it  was 
found  that  but  little  of  it  was  sufficiently  advanced  for 
the  Printer,  and  a  large  part  of  the  remainder  consisted 
of  brief  notes  and  fragments  which  could  be  of  little 
use  in  new  hands,  the  result  being  that  much  of  Dr. 
Steavenson's  long  and  valuable  experience  in  electrical 
treatment  has  unfortunately  been  lost.  The  plan  of  the 
book,  however,  was  clearly  sketched  out,  and  has  been 
followed  with  but  little  modification.  Chapters  I.,  IV., 
X.,  and  parts  of  VIII.,  XIV.  and  XV.,  are  from  Dr. 
Steavenson's  pen. 

With  regard  to  Chapters  II.  and  III.,  which  deal 
with  theoretical  matters,  it  was  judged  to  be  advisable 
to  rewrite  and  bring  them  up,  to  'date,  and  I  take  this 
opportunity  of  expressing  my  warmest  thanks  to  Mr. 
H.  M.  Elder,  M.A.,  for  the  great  assistance  given  to 
me  in  this  part  of  the  book. 

It  may  be  thought  by  some  that  the  physical  part  of 
the  subject  might  have  been  better  studied  in  the  non- 
medical textbooks  on  Electricity,  but  it  was  decided 
to  try  to  bring  together  into  the  volume  all  those  parts 
of  the  subject  which  are  essential  to  a  rational  grasp  of 
the  principles  which  underlie  the  medical  applications 
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of  electricity.  It  is  to  be  hoped  that  some  of  those  who 
read  the  first  few  chapters  of  this  book  may  be  induced 
to  go  further  into  the  study  of  electricity,  and  I  have  tried 
to  indicate  the  textbooks  which  might  with  most  ad- 
vantage be  consulted.  One  thing  is  certain,  that  with- 
out a  thorough  grounding  in  the  physical  part  of  the 
subject,  no  satisfactory  advances  can  be  made  in  a  field 
of  therapeutics  which  is  at  present  almost  entirely 
neglected  by  medical  men.  A  great  deal  of  the 
quackery  which  surrounds  and  discredits  medical  elec- 
tricity, is  due  to  the  indifference  and  contemptuous 
attitude  of  the  medical  profession,  and  we  have  only 
ourselves  to  blame  if  the  public  insist  on  seeking  else- 
where for  treatment  which  is  refused  to  them  by  their 
medical  advisers. 

Without  attempting  to  enumerate  all  the  works  on 
Electricity  and  Medical  Electricity,  of  which  use  has 
been  made  in  preparing  this  little  book,  I  take  the 
opportunity  of  acknowledging  my  especial  obligations 
to  the  writings  of  Prof.  Sylvanus  Thompson,  Dr.  OHver 
Lodge,  Prof.  Erb,  Dr.  De  Watteville,  and  Dr.  Vivian 
Poore. 

H.  LEWIS  JONES. 

Upper  Wimpole  Street y  W. 
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CHAPTER  I. 
Historical. 

Origin  of  the  word  Electricity.  Dr.  Gilbert  of  Colchester.  Early 
medical  writers.  First  appearance  in  hospital  practice.  Faraday 
and  Duchenne.  Position  of  electricity  in  medicine.  Influence 
of  physical  conditions  on  health.  Electrical  state  of  living 
bodies.  Magnetism. 

I.  Origin  of  the  word  electricity  The  founda- 
tions of  the  modern  science  of  electricity  may  be  con- 
sidered to  have  been  laid  by  a  medical  man,  Dr.  Gilbert 
of  Colchester,  Physician  in  Ordinary  to  Queen  Elizabeth, 
In  the  year  1600  he  published  his  treatise  De  Magnete. 
A  copy  of  this  work  is  in  the  library  of  the  Royal  College 
of  Physicians  of  London,  and  a  reprint  is  now  being 
prepared  under  the  direction  of  the  Gilbert  Club.  In  it 
he  extended  to  a  large  number  of  other  substances  the 
ancient  observation  that  rubbed  amber  attracted  light 
bodies.  It  seems  also  that  we  owe  to  him  the  word 
Electricity,  for  he  called  all  those  substances  Electrics, 
which  when  rubbed  displayed  the  same  attractive  power 
for  light  bodies  as  amber  (r>£Kr.'.v,  electrum)  does,  and 
soon  afterwards  the  word  electricity  was  introduced  to 
mdicate  this  power  considered  as  a  quantity  capable  of 
measurement. 
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2.  Dr.  Gilbert  of  Colchester.— Dr.  Gilbert  does 
not  seem  to  have  attempted  to  apply  his  knowledge  of 
electricity  in  any  way  to  medicine,  but  he  will  always 
be  remembered  as  the  pioneer  who  made  the  first  step 
towards  the  scientific  investigation  of  what  is  perhaps 
the  ■  most  wonderful  agent  that  modern  science  has 
rendered  obedient  to  the  will  of  man.  Dryden  has 
immortahsed  him  in  the  following  lines  : — 

"  Gilbert  shall  live  till  lodestones  cease  to  draw 
And  British  fleets  the  boundless  ocean  awe.'" 

Another  tradition  connected  with  electricity  which 
may  be  worthy  of  mention  for  its  interest  to  the  medical 
profession,  is  that  a  Mv.  Davy,  who  recently  died  in 
Australia,  is  said  to  have  transmitted  a  message  by 
means  of  a  wire  from  one  part  of  St.  Bartholomew's 
Hospital  to  another,  at  the  time  when  he  was  House 
Surgeon  there,  long  before  the  time  of  the  invention  of 
the  Electric  Telegraph. 

3.  Early  medical  writers. — It  was  more  than  a 
hundred  years  after  Gilbert's  time  that  electricity  was 
first  brought  into  use  as  a  curative  agent.  Jallahert 
in  France,  and  De  Haen  in  Germany,  were  among  the 
first  to  employ  it,  in  the  early  part  of  the  last  century. 
In  this  country  it  chiefly  remained  in  the  hands  of  non- 
professional men,  but  John  Freke,  F.R.S.,  Surgeon  to 
St.  Bartholomew's  Hospital,  wrote  on  it  in  1702.1 

In  1759  the  famous  divine,  the  Rev.  John  Wesley, 
collected  most  of  the  recorded  cases  in  which  electricity 
had  been  used,  and  published  them  in  a  treatise  entitled 
The  Desideratum,  or  Electricity  made  Plain  and  Useful,  By  a 

*  Epistle  to  Dr.  Charleton. 

+  Frcke  carved  the  chandelier  in  the  Steward's  Office  at  St. 
Bartholomew's  Hospital. 
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Lover  of  Mankind  and  Common  Sense.  ''    In  this  treatise 
Wesley  mentions  Freke. 
4.  First  appearance  in   London  Hospitals  

The  first  records  of  electrical  treatment  at  a  London 
hospital  seem  to  have  been  in  the  year  1767,  when  an 
electrical  apparatus  was  ordered  for  the  Middlesex  Hos- 
pital, f  And  ten  years  later,  in  1777,  an  electrical 
machine  was  purchased  for  the  use  of  the  patients  in 
St.  Bartholomew's  Hospital.  According  to  Dr.  Church's 
interesting  article  in  Vol.  xxii.  of  the  St.  Bartholomew's 
Hospital  Reports  on  Our  Hospital  Pharmacopeia,  it  would 
appear  that  in  1818  "the  electrical  machine— whether 
the  original  one  purchased  in  1777  or  not,  I  know  not- 
being  out  of  order,  was  placed  under  the  care  of  the 
apothecary,  who  was  directed  to  employ  Mr.  Blunt,  of 
Cornhill,  when  it  needed  repair.  Whether  Mr.  Blunt 
declined,  or  was  unable  to  repair  the  machine,  does  not 
appear,  but  in  the  following  year  Mr.  Latchford's  report 
is  entered  in  the  minutes  :  — 

"  That  the  electrical  machine  at  present  in  use  was 
quite  unfit  to  be  repaired.  It  was  proposed  by  him  to 
make  a  new  machine  upon  the  modern  principle,  with  a 
plate  two  feet  in  diameter,  and  all  the  apparatus  and 
case  complete  to  the  satisfaction  of  the  medical  officers, 
and  afterwards  to  keep  the  whole  in  good  and  constant 
repair  for  a  sum  not  exceeding  £iy  i8s.,  and  that  the 
machine  be  afterwards  placed  under  the  care  of  Mr. 
Latchford,  but  not  to  be  taken  out  of  the  Hospital,  and 
that  Mr.  Latchford  will  attend  and  electrify  all  the 
patients  denoted  by  the  medical  officers  to  undergo  the 

*  This  treatise  was  republished  by  Messrs.  Bailliere,  Tindall  &  Cox, 
London,  1871.  ' 

t  History  of  Middlesex  Hospital,  Erasmus  Wilson,  Churchill,  184:; 
p.  225. 
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operation  upon  the  following  terms  :  if  the  operations 
within  the  Hospital  do  not  exceed  thirty,  at  25.  each, 
and  if  above  that  number,  I5.  each.  Resolved  that  the 
above  conditions  are  approved  of,  and  that  the  same  be 
carried  into  effect  without  delay." 

"How  long  My.  Latchford  performed  those  duties,  and 
whether  he  had  a  successor,  I  have  been  unable  to  find 
out.  In  1838  he  petitions  for  the  second  time  that  he 
should  be  paid  by  salary  instead  of  the  above  terms. 
No  answer  to  this  petition  occurs  on  the  minutes,  and 
no  further  mention  of  Mr.  Latchford  is  found. 

"  In  November  1843  Mrs.  Woodcock's  bequest  of  /2C0 
consols  to  the  Electrical  Institution  in  Bunhill  Row  was 
made  over  by  the  executor  of  her  will  to  the  Hospital,  as 
the  institution  to  which  she  had  bequeathed  this  sum 
had  been  dissolved  during  her  lifetime.  We  see  here  the 
dawn  of  our  present  admirably  arranged  Electrical  De- 
partment, which,  however,  took  upwards  of  sixty  years 
to  blossom  into  its  present  perfection." 

Electrical  departments  have  at  different  times  been 
estabUshed  in  connection  with  other  London  hospitals. 
One  of  the  oldest  is  that  of  Guy's  Hospital.  Long  Hsts 
of  cases  were  published  in  the  "Guy's  Hospital  Reports" 
by  Addisonr  Golding  Bird,\  and  Sir  William  Gull,\  in 
which  the  use  of  frictional  electricity  was  followed  by 
most  satisfactory  results. 

Among  the  first  (if  not  actually  the  first)  treatise 
published  by  an  English  medical  man  upon  the  em- 
ployment of  electricity  in  medicine,  was  written  in  Latm 
by  Dr.  Robert  Steavenson,^  of  Newcastle-on-Tyne,  for 

*  Guy's  Hospital  Reports,  1837,  "O-  ^• 

t  Ibid.,  vol.  vi.,  1841.  +  Ibid.,  2nd  series,  vol.  viii.,  1852-53. 

§  "  Dissertatio  Medica  Inauguralis,  de  Electricitate  et  Operaiione 
ejus  in  Morbis  Curandis,"  Robertas  Steavensoii,  A.  M.  Britannus, 
Edinburgi,  MDCCLXXVIII. 
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some  years  physician  to  the  infirmary  in  that  town,  and 
great  uncle  to  the  present  writer. 

5.  Faraday  and  Duchenne. — In  1831  Faraday  made 
his  discoveries  of  electromagnetic  induction,  and  began 
the  publication  of  that  splendid  series  of  researches 
which  more  than  anything  else  have  led  to  our  present 
state  of  knowledge  of  the  subject.  They  have  made  the 
applications  of  electricity  a  necessity  of  our  civilisa- 
tion. We  must  notice  Faraday  particularly  here, 
since  from  his  researches  sprang  the  induction  coil 
or  Rnhmkorff  coil,  which  is  used  in  the  production  of 
the  so-called  Faradic  or  interrupted  currents  so  much 
employed  in  medicine. 

The  great  apostle  of  faradism  was  Duchenne,  of 
Boulogne,  and  to  him  we  owe  the  enunciation  of  the 
truth  that  for  curative  effects  it  is  necessary  that  the 
currents  should  be  locaUsed,  that  is,  apphed  directly  to 
the  parts  which  it  is  wished  to  influence  ;  Duchenne  also 
showed  that  the  muscles  could  be  more  easily  excited 
at  certain  points  of  the  surface,  which  he  called  points 
d'election.  These  have  since  been  proved  by  R.  Remak 
and  Von  Ziemssen  to  be  the  places  nearest  to  which  the 
motor  nerves  enter  the  muscles,  and  they  are  therefore 
the  points  at  which  the  nerves  can  be  most  easily 
reached  by  the  current.  They  are  now  called  "the 
motor  points  "  (Chap.  VIII.). 

About  1850  great  advances  were  made  in  our  know- 
ledge of  electro-physiology.  Du  Bois  Reymond  and 
Pfliiger  demonstrated  the  electrical  phenomena  of  living 
nerve  and  muscle,  and  estabHshed  the  laws  of  electro- 
tonus  and  of  muscular  contractions,  and  the  existence 
of  muscle  currents.  Remak  discovered  the  catalytic 
effects  of  the  galvanic  current  and  its  influence  on 
osmosis.     Our  present  mode  of  application  of  elec- 
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tricity  as  an  aid  to  diagnosis,  has  resulted  from  the 
investigations  of  Brenner,  Erb,  Von  Ziemssen,  Althaus, 
Russell  Reynolds,  De  Watteville,  Hughes  Bennett,  and  many 
others  of  note. 

6.  Position  of  electricity  in  medicine. — The  em- 
ployment of  electricity  in  medicine  has  passed  through 
many  vicissitudes,  being  at  one  time  recognised  and  em- 
ployed at  the  hospitals,  and  then  again  being  neglected 
and  left  for  the  most  part  in  the  hands  of  charlatans  and 
quacks.    As  each  fresh  important  discovery  in  electrical 
science  has  been  reached,  men's  minds  have  been  turned 
anew  to  the  subject,  and  interest  in  its  therapeutic  proper- 
ties has  been  stimulated.    Then  after  extravagant  hopes 
and  promises  of  cure,  there  have  followed  failures  and 
disappointments,  which  have  thrown  the  employment  of 
this  agent  into  disrepute,  to  be  again,  after  a  time,  re- 
vived and  brought  into  popular  favour.     During  the 
long  period  of  two  hundred  years  in  which  these  altera- 
tions have  been  taking  place  in  the  opinions  held  of  the 
value  of  electrical  treatment,  and  in  the  frequency  of  its 
employment,  scientific  men  have  been  steadily  pursuing 
their  investigations  into  its  wonderful  properties  and 
possibilities.      Discovery  on  discovery  has  rewarded 
their  patience,  and  we  have  now  arrived  at  an  age  when 
the  practical  applications  of  electricity  are  making  the 
most  rapid  strides.    Medical  thought  and  experiment  are 
moving  in  the  same  direction,  and  another  wave  of  electro- 
therapeutics is  passing  over  the  profession.  During 
the  last  ten  years  electrical  departments  have  been  re- 
organised at  several  of  our  hospitals,  and  the  powers  of 
electricity  have  been  more  and  more  called  in  to  the  aid 
of  the  physician  and  surgeon  in  their  battle  with  disease. 
A  general  desire  has  been  evinced  both  by  members  of 
the  profession  and  by  the  public,  for  a  more  thorough 
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knowledge  of  the  benefits  to  be  derived  from  this  agent 
and  of  the  best  means  of  securing  them. 

7.  Influence  of  physical  conditions  on  health. — 

All  physicians  recognise  the  influence  exerted  upon 
health  and  disease  by  heat,  light,  and  motion  in  the 
form  of  exercise,  but  very  little  attention  has  been  paid 
to  the  place  which  electricity  occupies  in  regulating  the 
action  of  the  vital  processes.  No  doubt  it  has  an  in- 
fluence upon  the  maintenance  of  health  and  the  pro- 
duction of  disease.  We  have  now  more  accurate  means 
of  measuring  electricity,  and  a  more  perfect  knowledge 
of  its  action,  and  although  much  has  still  to  be  learnt 
under  this  head,  we  are  altogether  in  a  far  better 
position  for  employing  its  effects  in  the  treatment  of 
disease. 

We  have  of  late  years  begun  to  recognise  the  influence 
of  physical  phenomena  upon  the  conditions  of  health 
and  disease.  We  know  that  the  humidity  of  a  locality 
as  affected  by  the  subsoil  drainage,  has  a  great  influence 
upon  the  prevalence  of  phthisis  ;  that  the  barometric 
pressure  influences  the  blood  pressure  ;  that  electrical 
changes  in  the  atmosphere,  as  on  the  approach  of  a 
thunderstorm,  strongly  influence  many  persons  possessed 
of  delicately  strung  nerves  ;  that  sound,  in  the  form  of 
music,  has  also  an  influence  upon  the  system,  perhaps 
through  the  vaso-motor  nerves,  though  how  this  effect 
of  music  is  produced  we  do  not  at  present  understand. 
We  are  told  that  the  varying  vibrations  of  the  ether  by 
which  light  of  diff'erent  colours  is  produced  are  of  use  in  the 
treatment  of  the  insane.  How  these  several  influences 
act  we  are  not  as  yet  able  to  explain.  The  diff"erence 
produced  in  highly  sensitive  or  nervous  people  by  sudden 
and  marked  changes  in  the  weather,  especially  by  the 
sudden  changes  of  temperature  to  which  our  chmate  is 
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SO  liable,  may  be  partly  due  to  the  electrical  changes 
set  up  thereby. 

It  is  a  well  known  and  recognised  fact  that  a  few  hot 
days  in  succession  so  change  the  electrical  condition  of 
the  surface  of  the  earth  that  a  thunderstorm  is  often 
necessary  to  restore  equilibrium.  It  is  impossible  for 
human  beings  to  remain  at  a  position  of  zero  with 
regard  to  electrical  potential,  when  the  potential  of 
every  object  around  is  varying.  Induction  alone  would 
produce  electrical  separation.  It  is  perhaps  fortunate 
for  us  that  we  live  in  a  region  where  the  atmosphere  is 
■  so  charged  with  moisture  that  the  varying  electrical 
conditions  can  be  more  easily  equalised.  If  such  sudden 
changes  of  temperature  took  place  in  countries  with  a 
dry  atmosphere,  the  inhabitants  might  suffer  consider- 
ably. In  those  parts  of  the  earth  where  the  air  is  very 
dry  the  recorded  manifestations  of  electrical  phenomena 
accidentally  produced  on  living  bodies  are  almost  in- 
credible to  the  inhabitants  of  these  islands.  Rubbing 
the  feet  a  few  times  on  the  carpet  will  enable  an  in- 
habitant of  some  of  the  American  States,  or  of  the 
higher  Alps,  to  light  a  gas  jet  with  the  spark  which  will 
pass  when  he  presents  his  finger  to  the  metal  point  of  a 
gas  burner ;  and  electrical  displays  are  produced  by 
combing  the  hair,  which  a  moist  atmosphere  seldom 
allows  us  to  perceive  in  this  country. 

There  are  reasons  for  believing  that  the  electrical  con- 
ditions of  the  atmosphere  influence  health.  This  much  at 
least  seems  to  be  certain,  that  differences  in  the  electrical 
condition  of  the  earth  take  place,  and  are  continually 
taking  place,  and  that  a  highly  sensitive  organism,  such 
as  the  human  body,  must  participate  and  take  cognisance 
of  these  changes  ;  it  is  not  then  too  much  to  suppose 
that  these  changes  have  some  influence  upon  health. 
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All  conditions  of  the  atmosphere  which  have  been 
noticed  to  influence  health  prejudicially,  are  said  to  be 
accompanied  by  an  increase  in  the  amount  of  the 
negative  electrification  of  the  atmosphere,  as  indicated 
by  an  electrometer.  Before  a  thunderstorm,  when 
people  of  a  delicate  nervous  temperament  assert  that 
they  feel  indescribable  "  malaise  "  and  oppression,  the 
atmosphere  in  the  neighbourhood  of  the  earth  is  nega- 
tively electrified. 

The  predominance  of  positive  electrification  of  the 
atmosphere  in  foggy  weather  has  been  assigned  as  a 
cause  for  the  immunity  then  experienced  from  attacks 
of  pure  spasmodic  asthma,  although  the  ordinary  dys- 
pnoea accompanying  bronchitis  and  emphysema,  is  often 
increased  at  such  times. 

When  we  consider  that  every  vital  process  is  most 
probably  accompanied  by  the  production  of  free  electricity 
in  our  bodies,  that  the  incidence  of  every  ray  of  light 
upon  the  retina, «  our  every  act  of  thought,  and  cer- 
tainly our  every  muscular  movement  have  been  proved 
to  produce  electrical  currents,  it  is  improbable  that  the 
varying  electrical  conditions  of  the  atmosphere  can  take 
place  without  influencing  our  system. 

8.  Electrical  state  of  living  bodies  Although 

the  earth  and  inanimate  objects  upon  it  are  usually 
negatively  electrified,  human  beings  in  a  state  of  health 
are  almost  invariably  found  to  be  positive.  Dr.  Poore 
in  his  work  on  "  Electricity  in  Medicine  and  Surgery  " 
says  :  "  it  is  remarkable  that  hardly  any  two  persons  are 
in  the  same  condition  electrically,  and  nervous  irritable 
people  are  said  to  exhibit  a  more  active  electrical  con- 
dition than  persons  of  a  phlegmatic  temperament."  Dr. 

*  Prof.  McKendrick  on  "  Animal  Electricity,"  before  the  British 
Association  for  the  Advancement  of  Science,  September,  1883. 
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Golding  Bird  in  his  lectures  before  the  Royal  College  of 
Physicians,  in  1847,  attributed  this  existence  of  free 
electricity  in  the  human  body  chiefly  to  evaporation  and 
respiration,  and  he  sums  up  his  observations  on  this 
point  under  the  three  following  heads.  That  electricity 
exists  in  the  human  body  : — 

"I.  In  a  state  of  equilibrium,  common  to  all  forms  of 

ponderable  matter. 

"  2.  In  a  state  of  tension  capable  of  acting  on  the 
electrometer,  giving  to  the  whole  body  a  generally 
positive  condition,  and  arising  in  all  probability  from 
the  disturbance  of  the  normal  electrical  equilibrium  by 
the  process  of  evaporation  and  respiration. 

"3.  In  a  state  of  current,  a  dynamic  condition,  arising 
from  the  disturbance  of  equilibrium  by  the  union  of 
carbon  with  oxygen  in  the  capillary  system,  and  from 
other  chemical  processes  going  on  in  the  body;  such 
currents,  although  suspected  to  be  everywhere  existing, 
having  been  actually  detected  between  the  skin  and 
mucous  membrane,  the  stomach  and  liver,  and  the 
interior  and  exterior  of  muscular  structures." 

9.  Magnetism.— It   seems   to   be  rather  doubtful 
whether  any  physiological  effect  has  ever  been  observed 
to  be  due  to  the  action  of  a  magnet.    Lord  Crawford 
(then  Lord  Lindsay)  and  Mr.  Cromwell  F.  Varley,  with 
the  help  of  an  enormous  electro-magnet,  belonging  to 
the  former,  were  unable  to  perceive  any  sensation  even 
on  placing  their  heads  between  its  poles.    But  in  dis- 
cussing these  experiments  in  an  address  delivered  at 
the  Midland    Institute  at  Birmingham, «  in  October, 
1883,  Sir  William  Thomson  came  to  the  conclusion  that 
it  is 'just  possible  that  there  may  be  a  magnetic  sense, 
and  indeed  a  committee  of  the  Society  for  Psychical 
•  "  Nature,"  vol.  xxix.,  p.  438. 
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Research,*  who  examined  a  large  number  of  persons  by 
placing  their  heads  near  the  poles  of  an  electro-magnet, 
found  three  who  were  sensitive  and  were  able  to  say 
when  the  current  was  on  or  off.  One  of  these  persons 
was  examined  later  hy  Prof .  W.  F.  Barrett,j  who  found 
that  when  he  was  suffering  from  neuralgic  pain,  it  be- 
came intensified  by  the  presence  of  a  powerful  magnet. 

It  need  hardly  be  here  pointed  out  that  the  phenomena 
of  so-called  "  animal  magnetism  "  have  absolutely  nothing 
to  do  with  magnetism  whatever. 

•  "  Proc.  Soc.  Psychical  Research,"  part  iii. 
t  "  Nature,"  vol.  xxix.,  p.  476. 
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CHAPTER  II. 

Electricity    at   Rest,   Electro-Statics,  Statical 

Electricity. 

Division  of  the  Subject.  Fundamental  Experiments.  Hypotheses 
of  Fluids.  Electrics  and  Non-Electrics.  Simple  Electrical 
Machine.  Electroscopes.  Induction.  Conduction.  Electro- 
phorus.  Electric  Quantity.  Unit  of  Quantity.  Law  of  Inverse 
Squares.  Electro-motive  Force.  Potential.  Equi-pottntial 
Surfaces.  Physical  Analogies.  Definition  of  Potential.  Elec- 
trometers. Distribution  of  the  Charge.  Electric  Density. 
Action  of  Points.  Capacity.  Capacity  of  a  Sphere.  Con- 
densers. Dielectric  constant.  Leyden  Jar.  Strain  in  the 
Dielectric.  Lines  of  Induction  and  Equi-potential  Surfaces. 
Electric  Displacement.    Practical  Note  on  Care  of  Instruments. 

lo.  Division  of  the  subject.  It  is  usual  formedical 
men  to  speak  of  electrical  effects  as  if  they  were  due  to 
no  less  than  three  distinct  kinds  of  Electricity.  These 
we  are  accustomed  to  call  "  Frictional  Electricity," 
"the  Continuous  Current"  and  "the  Faradic  or  Inter- 
rupted Current."  This  division,  however  convenient  it 
may  be  for  purposes  of  medical  treatment,  has  not  even 
convenience  to  recommend  it  when  the  subject  is  looked 
at  from  a  scientific  point  of  view,  and  is  certainly  most 
incorrect.  The  Science  of  Electricity  may  best  be 
divided  into  four  branches  as  suggested  by  Dr.  Oliver 
J.  Lodge  in  his  interesting  book  "  Modern  Views  of  Elec- 
tricity," a  book  which  should  be  read  with  great  care  by 
everyone  who  wishes  to  have  definite  and  correct  notions 
concerning  the  science.  These  four  divisions  are  :— 
a.  Electricity  at  Rest,  or  Static  Electricity  .—This  branch 


STATICAL  ELECTRICITY. 


13 


coincides  with  that  portion  of  the  science  generally 
treated  of  as  "  Frictional  "  Electricity. 

b.  Electricity  in  Locomotion,  or  Current  Electricity. — This 
includes  the  consideration  of  the  continous  current  and 
of  the  faradic  or  interrupted  current. 

c.  Electricity  in  Rotation  or  Magnetism. 

d.  Electricity  in  Vibration  or  Radiation,  a  branch  of  the 
subject  treated  of  in  general  under  the  heading  of  Light. 

We  only  need  to  consider  at  all  fully  the  two  first  of 
these  branches,  and  of  these  more  especially  the  second. 
The  fourth  branch  we  need  not  consider  at  all,  while  we 
shall  have  to  make  a  few  remarks  about  magnetism  in 
order  to  make  clear  the  nature  and  principles  of  certain 
electrical  measuring  instruments. 

We  will,  as  is  usual  begin  by  first  considering  Elec- 
tricity at  Rest. 

II.  Fundamental  Experiments.  — If  a  piece  of 
glass  and  a  piece  of  resin  be  taken  they  neither  attract 
each  other  nor  any  light  bodies  to  which  they  may  be 
presented.  If  now  they  be  rubbed  together,  so  long  as 
they  are  not  separated,  they  still  display  no  powers  of 
attracting  light  bodies,  but  let  them  be  separated  and 
they  are  at  once  seen  to  be  endowed  with  the  power  of 
attracting  each  other,  and  each  is  capable  of  attracting 
light  bodies.  They  are  said  to  be  electrified.  If  a 
second  pair  of  pieces  of  resin  and  glass  be  taken,  rubbed 
together  and  then  separated,  it  may  be  seen— 

a.  That  the  two  pieces  of  glass  repel  each  other. 

b.  That  each  piece  of  glass  attracts  each  piece  of 
resin. 

c.  That  the  two  pieces  of  resin  repel  each  other. 

*  "On  the  Mathematical  Theory  of  Electricity  in  Equilibrium." 
Sir  W.  Thomson's  papers  on  "  Electro- Statics  and  Magnetism," 
p.  43-    Maxwell's  "  Electricity  and  Magnetism,"  vol.  i.,  p.  31. 
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The  two  pieces  of  glass  are  said  to  be  oppositely 
electrified  to  the  two  pieces  of  resin  and  we  can  observe 
as  a  definition  that  similarly  electrified  bodies  repel 
each  other,  oppositely  electrified  bodies  attract  each 
other.  These  electrifications  are  known  as  vitreous  or 
positive  and  resinous  or  negative.  We  also  observe  that 
since  the  rubbed  glass  and  resin  before  being  separated 
exhibited  no  powers  of  attraction  or  repulsion  on  ex- 
ternal bodies  the  amount  of  electrification  produced  on 
the  glass  exactly  neutralises  the  effect  of,  and  therefore 
is  equal  and  opposite  to  that  produced  on  the  resin. 

It  should  here  be  noticed  that  an  electrified  body 
exerts  no  force  on  any  non-electrified  body,  but  that 
when  it  appears  to  do  so  as  in  the  case  in  which  rubbed 
glass  or  resin  was  seen  to  attract  light  bodies  the  electri- 
fied rubbed  substance  first  acts  on  the  neutral  bodies 
and  electrically  excites  them  by  its  influence  {see  §  i6), 
so  that  the  attraction  shown  is  not  an  action  between  an 
electrified  body  and  neutral  matter,  but  between  two 
electrified  bodies. 

12.  Hypotheses  of  Fluids.— Various  hypotheses 
have  been  put  forward  to  account  for  this  action,  all  of 
which  more  or  less  fail  to  do  so  ;  two  of  these  may,  how- 
ever, be  noticed,  more  especially  as  if  cautiously  used, 
they  supply  a  convenient  means  of  clearly  expressing 
electrical  facts,  though  it  must  always  be  carefully 
remembered  that  in  using  these  modes  of  expression 
we  are  making  no  assumptions  as  to  the  truth  or 
the  reverse  of  the  hypothesis,  but  merely  using  a 
convenient  analogy.  The  first  is  the  "two  fluid" 
theory  of  Symmer.  It  is  assumed  that  all  matter  con- 
tains an  inexhaustible  supply  of  a  so-called  electrical 
fluid  which  is  capable  of  being  spHt  up  by  friction  or 
otherwise  into  equal  quantities  of  two  fluids  of  opposite 


STATICAL  ELECTRICITY. 


15 


properties,  viz.,  the  so-called  vitreous  (positive)  and 
resinous  (negative)  electricities,  and  bodies  that  display 
the  properties  that  we  have  said  are  signs  of  electrifica- 
tion, are  said  to  be  charged  with  a  certain  quantity  of 
one  or  other  of  these  fluids,  a  certain  quantity  of  posi- 
tive or  negative  electricity.  This  hypothesis  gives  us  in 
many  cases  a  convenient  method  of  expressing  the  facts, 
provided  always  that  it  be  used  as  such  and  is  not  pushed 
to  the  point  of  considering  that  the  electric  fluids  are  any 
real  entities  or  have  any  actual  existence.  It  is  obvi- 
ous that  it  is  an  essential  part  of  the  hypothesis  that 
both  fluids  shall  always  be  produced  in  equal  quantities. 

In  the  "one  fluid"  theory  which  was  favoured  by 
Franklin,  bodies  that  were  positively  electrified  were 
looked  upon  as  containing  an  excess  of  the  electric  fluid, 
bodies  that  were  negatively  electrified  were  looked  upon 
as  suffering  from  a  deficiency,  while  all  bodies  in  the 
normal  neutral  state  were  looked  upon  as  having  neither 
an  excess  nor  a  deficiency.  It  is  obvious  that  this  hypo- 
thesis has  the  same  advantages  and  defects  as  the  other. 
In  the  sequel  we  shall  use  indiscriminately  the  language 
of  either  hypothesis  whenever  it  is  convenient  to  express 
any  fact  in  terms  of  them.* 

*  It  is  necessary  perhaps  to  call  attention  more  plainly  to  this 
matter  and  to  point  out  that  it  is  legitimate  for  the  purposes  of  argu- 
ment to  use  an  hypothesis  that  is  known  to  be  false,  just  so  far  as  it 
is  in  accordance  with  the  facts  and  no  further,  e.o-.,  there  are  certain 
problems  in  geometrical  optics  that  are  capable  of  easy  and  correct 
solution  if  the  corpuscular  theory  of  light  is  assumed  for  the  time 
bemg.  They  are  of  course  capable  of  solution  without  making  this 
assumption,  but  not  nearly  so  easily,  and  it  is  perfectly  legitimate  to 
assume  this  as  far  as  these  problems  are  concerned,  since  it  does  not 
conflict  with  any  of  the  facts  that  require  to  be  considered  in  these 
particular  cases.  In  like  manner  it  is  legitimate  to  speak  of  the  posi- 
tive and  negative  electric  fluids  for  the  sake  of  the  help  such  a  mode 
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A  warning  of  Prof.  Clerk  Maxwell's  may  be  quoted 
apropos  of  this  point.*  He  says,  "  and  here  we  may 
introduce  once  for  all  the  common  phrase,  the  electric 
fluid,  for  the  purpose  of  warning  our  readers  against  it. 
It  is  one  of  those  phrases  which,  having  been  at  one 
time  used  to  denote  an  observed  fact,  was  immediately 
taken  up  by  the  public  to  connote  a  whole  system  of 
imaginary  knowledge.  As  long  as  we  do  not  know 
whether  positive  electricity,  or  negative,  or  both,  should 
be  called  a  substance  or  the  absence  of  a  substance, 
and  as  long  as  we  do  not  know  whether  the  velocity  of 
an  electric  current  is  to  be  measured  by  hundreds  of 
thousands  of  miles  in  a  second,  or  by  an  hundredth 
of  an  inch  in  an  hour,  or  even  whether  the  current  flows 
from  positive  to  negative,  or  in  the  reverse  direction  we 
must  avoid  speaking  of  the  electric  fluid." 

13.  Electrics  and  non-electrics. — All  bodies  when 
rubbed  with  suitable  precautions  are,  to  use  Gilbert's 
term,  electrics,  or  rather  we  should  say,  that  whenever 
any.  two  bodies  are  rubbed  together  electrical  separation 
occurs,  one  body  becoming  positively  and  the  other 
negatively  electrified,  although  in  many  cases  it  is  diffi- 
cult to  observe  this  owing  to  the  escape  of  the  charge 
by  conduction  or  otherwise,  and  in  fact  it  is  possible 
to  arrange  all  substances  in  a  list,  so  that  when  any 
pair  of  them  is  rubbed  together,  the  body  higher  in  the 
list  is  positively  electrified,  while  the  other  is  of  course 
negatively  electrified  to  an  equal  extent. 

of  expression  gives  us  in  stating  our  problems  simply  and  clearly,  so 
long  as  we  remember  that  we  use  the  expressions  as  a  mere  fngoii  de 
parley  without  any  assumption  as  to  the  existence  of  such  fluids,  and 
so  long  as  such  expressions  are  not  in  conflict  with  the  facts  we  are 
considering. 

•  "  Elementary  Treatise  on  Electricity,"  p.  8. 
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Such  a  list  is  as  follows  :— Cat's  fur,  polished  glass, 
flannel,  leather,  wood,  paper,  silk,  shellac.  Thus  :— 
Glass  rubbed  with  cat's  fur  will  be  negatively  or  resin- 
ously  electrified,  while  the  same  glass  rubbed  with  silk 
will  be  positively  electrified. 

14.  Simple  electrical  machines  Any  instru- 
ment by  which  electrical  separation  is  produced  may 
be  called  an  electrical  machine.  For  simple  experi- 
ments, a  glass  rod  which  is  rubbed  with  a  piece  of  silk 
on  which  has  been  smeared  some  electrical  amalgam- 
is  such  a  machine.  Some  more  elaborate  electrical 
machines  will  be  fully  described  in  a  future  chapter. 

15.  Electroscopes.— Before  going  any  further  it  is 
necessary  to  consider  some  means  by  which  we  may 
tell  when  a  body  is  electrified.     Instruments  for  this 
purpose  are  called  electroscopes,  or  sometimes  more 
loosely  electrometers.    The  simplest  and  best  form  of 
electroscope  is  that  known  as  the  gold  leaf  electroscope 
which  IS  made  of  two  strips  of  gold  leaf  hung  together 
from  a  wire.    When  these  are  electrified  they  repel  each 
other  and  so  indicate  the  presence  of  electrification 
Generally  the  electroscope  is  supported  in  a  closed  glass 
vessel  containing  some  strong  sulphuric  acid  to  ensure 
that  It  shall  be  dry,  and  it  is  in  metallic  connexion  with 
a  disc  or  plate  on  the  outside  of  the  vessel  to  which  the 
charges  may  be  given. 

It  is  easy  with  this  instrument  to  discern  the  sign 
of  the  charge  on  any  electrified  body,  for  if  a  portion 
of  the  charge  be  transferred  to  the  electroscope  and  an 
additional  charge  be  added  from  a  vitreously  electrified 
body,  e.g.,  from  a  glass  rod  that  has  been  rubbed  with 

•  Electrical  amalgam  is  made  of  tin,  one  part,  zinc,  two  parts,  and 
mercury,  s.x  parts.    {TyndaWs    Lessons  in  Electriciiy,"  p.  7). 
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silk,  then  if  the  former  charge  was  negative  the  leaves 
will  collapse,  but  if  positive  they  will  diverge  still  further. 

The  best  way  of  carrying  out  this  test  is  as  follows : — 
Approach  the  charged  body  to  be  tested  to  the  electro- 
scope. The  leaves  will  diverge.  Touch  the  plate  of 
the  electroscope  with  the  finger  for  an  instant  and  they 
will  collapse,  but  on  removing  the  body  to  be  tested, 
they  will  again  diverge  under  the  effects  of  a  charge 
of  opposite  sign  to  that  of  the  body  to  be  tested.  Now 
bring  up  near  the  electroscope  a  rubbed  glass  rod,  if 
the  leaves  collapse  the  present  charge  is  negative,  and 
that  of  the  original  charged  body  was  therefore  positive. 
The  reasons  for  this  procedure  will  be  understood  from 
the  next  paragraph. 

In  carrying  out  this  test  we  must  be  careful  not  to 
charge  the  electroscope  too  much  or  the  leaves  may  be 
torn  by  the  violence  of  the  repulsion. 

1 6.  Induction.* — Take  a  hollow  metal  vessel,  in- 
sulate it  by  hanging  it  up  by  silk  threads,  and  connect 
it  with  an  electroscope.     If  the  vessel  be  unelectrified 
and  we  introduce  into  it  an  electrified  body,  taking  care 
not  to  touch  the  sides  of  the  vessel  so  that  no  charge 
passes  from   the    electrified  body  to  the  vessel,  the 
electroscope  will  indicate  a  charge,  and  on  being  tested 
it  is  found  to  be  a  charge  of  the  same  sign  as  that 
on  the  charged  body  introduced  into  the  vessel,  e.g.,  if 
the  charged  body  is  a  piece  of  rubbed  glass,  the  electro- 
scope will  indicate  vitreous  or  positive  electricity.  Agam, 
provided  the  charged  body  is  far  enough  inside  the  vessel 
it  may  be  moved  about  to  any  part  of  the  interior,  and 
the  charge  as  indicated  by  the  electroscope  remains 
unaltered.    It  may  even  be  allowed  to  touch  the  inside 
•  Faraday's  Exp.   Researches   "On   Static   Electrical  Inductive 
Action."    Maxwell's  "  Electricity  and  Magnetism,"  vol.  i.,  p.  32- 
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of  the  vessel  and  the  electroscope  will  show  no  change. 
If  now  it  be  removed  without  having  touched  the  interior 
of  the  vessel,  the  leaves  of  the  electroscope  will  collapse, 
and  the  vessel  will  be  left  without  charge,  if,  however, 
it  has  been  allowed  to  touch  the  vessel,  the  leaves  will 
remain  divergent,  but  the  body  will  be  found  to  be  com- 
pletely discharged. 

In  the  first  case  the  vessel  is  said  to  be  electrified  by 
induction,  and  from  the  second  case  we  see  that  the 
observed  induced  electrification  is  exactly  equal  to,  and 
is  of  the  same  sign  as  that  of  the  inducing  body.  Had 
we  momentarily  connected  the  vessel  to  earth  so  as  to 
discharge   the  first   induced  electrification,  and  then 
removed  the  charged  body  without  touching  the  vessel, 
the  vessel  would  be  found  to  be  charged  with  the  oppo- 
site kind  of  electricity  to  as  great  an  extent  as  in  the 
first  case.    Similar  effects  are  produced  whenever  an 
electrified  body  is  brought  near  any  other  body,  and 
this  is  what  was  referred  to  in  §  ii,  when  it  was  stated 
that  the  light  bodies  apparently  attracted  by  an  electri- 
fied glass  rod,  &c.,  were  first  electrified  by  its  influence. 
In  the  language  of  the  two  fluid  theory  an  electric 
charge  in  any  body  reacts  on  the  neutral  fluid  in  the 
bodies   near  it,    attracting   towards    itself   an  equal 
quantity  of  the  fluid  of  opposite  sign  and  setting  free 
an  equal  quantity  of  the  fluid  of  similar  sign  to  itself. 
This  is  generally  illustrated  diagrammatically  by  con- 
sidering the  side  of  the  body  nearest  to  the  glass  rod  as 
charged  with  -  electricity  and  the  opposite  side  charged" 
with  +  electricity,  the  attraction  thus  overbalancing  the 
repulsion. 

17.  Conduction.-Let  any  body,  for  instance  the 
metal  vessel  before  used,  be  electrified,  taking  care  that 
It  IS  supported  by  silk  strings  or  otherwise  insulated 
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Let  it  be  connected  with  another  similarly  supported 
non-electrified  body  by  means  of  a  wire  for  an  instant. 
Now  let  the  second  body  be  examined  with  the  electro- 
scope; it  will  be  found  to  be  electrified  in  the  same  sense 
as  the  first  body  but  to  a  less  degree  ;  the  charge  of  the 
first  body  has  been  partly  conducted  along  the  wire  con- 
nection and  has  been  divided  between  the  two  bodies. 
If  connection  had  been  made  with  a  glass  rod,  a  stick  of 
resin,  or  a  silk  thread,  no  transfer  of  charge  would  have 
occurred.  The  metal  wire  is  therefore  a  conductor  of 
electricity,  the  glass  rod,  &c.,  are  not,  they  are  insula- 
tors. This  experiment  explains  why  it  was  necessary 
to  support  the  charged  bodies  we  have  been  dealing 
with  by  silk  threads,  it  also  explains  how  it  was  that 
all  the  electrics  known  to  the  ancient  electricians  were 
insulators  or  non-conductors  of  electricity,  since  though 
conductors  can  be  readily  excited  by  rubbing  with 
proper  substances,  special  means  must  be  taken  to  in- 
sulate them  that  the  charge  may  not  leak  away  before 
the  electrification  can  be  observed. 

Substances  vary  very  much  in  their  power  of  con- 
ducting electricity,  thus  metals  are  good  conductors, 
water  is  a  fairly  good  one,  the  body,  wood  and  cotton 
are  poor  conductors,  while  wool,  silk,  oils,  resins  and 
most  kinds  of  glass  are  good  insulators,  sulphur  is  an 
almost  perfect  insulator  and  dry  air  is  the  best  insulator 
known  to  us. 

1 8.  The  Electrophorus — The  principle  of  electric 
induction  will  explain  the  action  of  the  simplest  form 
of  electric  induction  machine,  the  electrophorus.  It 
is  important  to  understand  this  instrument  fully  as  it 
is  the  prototype  of  all  the  modern  so-called  "  influ- 
ence machines."  In  its  simplest  form  the  electrophorus 
consists  of  a  cake  of  resin,  and  a  disc  of  metal  mounted 
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on  an  insulating  handle.  The  resin  is  first  excited  by 
brushing  it  with  a  cat  skin  and  the  disc  is  placed  upon 
it  by  means  of  the  insulating  handle.  The  state  of 
aftairs  then  is  as  follows  : — 

The  resin  being  negatively  electrified  by  the  friction 


+  ++  +  +  +  +  + 


Fig.  I. — The  cake  of  the 
electrophorus. 


Fig.  2. — Tfie  cover  applied 
to  the  cake. 


of  the  cat's  skin  (fig.  i)  acts  inductively  on  the  metal 
plate  across  the  thin  film  of  air  between  them  (fig.  2). 
In  the  language  of  the  two  fluid  theory,  it  attracts  to 
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itself  and  binds  by  its  influence  a  positive  charge  and 
sets  free  a  negative  charge  on  the  upper  surface  of  plate. 
If  the  plate  is  now  connected  to  earth  by  a  touch  with 
the  finger,  the  free  negative  charge  escapes  (fig.  3), 
the  positive  charge  still  remaining  face  to  face  with  the 
charge  of  the  resin  plate.  On  removing  the  metal  plate 
by  the  insulating  handle  its  positive  charge  is  freed 
from  the  restraining  influence  of  the  inducing  negative 
charge  on  the  resin  and  may  be  used  to  charge  any 
required  holder  of  electricity  (fig.  4).  This  process  may 
be  repeated  ad  infinittmS' 

The  usual  form  of  electrophorus  has  a  metal  plate  or 
sole  under  the  resin  cake,  the  object  of  which  is  to  per- 
mit a  charge  to  be  induced  in  it  that  may  react  induc- 
tively with  the  charge  of  the  resin  and  so  hinder  the 
dissipation  of  the  latter  by  dust  particles,  convection,  &c. 
There  is  generally  a  pin  driven  through  from  the  sole  to 
the  face  of  the  cake  of  resin,  which  dispenses  with  the 
necessity  of  touching  the  metal  plate  or  carrier  Avith  the 
finger  to  remove  the  first  induced  negative  charge. 

It  is  not  within  the  scope  of  this  book  to  enter  more 
fully  into  theoretical  considerations,  but  the  student 
may  be  referred  for  further  information  to  such  books  as 
Sylvanus  P.  Thompson's  "Elementary  Lessons  in  Elec- 
tricity and  Magnetism,"  and  Clerk  Maxwell's  "  Element- 
ary Treatise  on  Electricity,"  and  specially,  as  giving  a 
full  popular  account  of  the  most  modern  theories,  to  the 
work  cited  above  "Modern  Views  of  Electricity,"  by 
Dr.  Lodge.  A  very  complete  account  of  electric  induc- 
tion and  of  the  electrophorus  will  be  found  in  Part  I., 
Chapter  III.,  of  the  last  mentioned  book. 

19.  Electric  Quantity.— Hitherto  in  this  chapter 

*  Compare  this  process  with  the  method  of  testing  by  the  gold  leaf 
electroscope,  §  15. 
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the  consideration  of  quantity  of  electricity  has  been  left 
in  the  background,  and  electrification  has  been  spoken 
of  rather  as  a  state  or  quahty  super-induced  in  bodies 
by  certain  processes.  It  is  now  necessary  to  arrive  at  a 
definite  conception  of  this  state  as  a  measurable  quantity, 
i.e.,  as  brought  about  by  the  presence  of  a  real  or  hypo- 
thetical something  which  can  be  measured  and  which  is 
called  electricity,  a  something  which  has  been  referred 
to  for  convenience  sake  in  the  language  of  the  "fluid" 
hypotheses  as  if  it  were  an  actual  fluid,  but  which,  it 
must  be  borne  in  mind,  is  not  that,  whatever  else  it  may 
be.  Let  us  suppose  the  existence  of  a  something  which 
is  measurable  and  which  when  present  in  any  body 
endows  it  with  the  properties  just  described  under  the 
name  of  electrification,  and  which  is  called  Electricity. 
This  electricity  then  is  of  two  kinds,  one  named  positive 
or  vitreous,  and  one  negative  or  resinous.  It  has  been 
seen  already  that  positive  electricity  repels  positive,  and 
that  negative  repels  negative,  while  positive  electricity 
attracts  negative  and  vice  versa.  This  has  to  be  expressed 
in  terms  of  some  unit,  to  be  chosen  once  for  all. 

20.  Unit  of  Quantity."'' — That  quantity  of  elec- 
tricity, which  when  supposed  collected  at  a  point  will 
repel  an  equal  quantity  of  similar  electricity  collected  at 
a  point,  and  placed  at  unit  distance  from  the  first,  with 
unit  force  shall  be  taken  as  the  unit  quantity  of  elec- 
tricity. 

Now  in  this  definition  the  unit  quantity  of  electricity 
is  made  to  depend  on  the  units  of  length  and  of  force, 
and  this  latter  is  defined  with  reference  to  the  units  of 
length,  mass  and  time.  Hence  the  unit  quantity  of 
electricity  has  been  completely  defined  in  terms  of  the 
units  of  length,  mass  and  time.    For  scientific  purposes 

*  Maxwell's  "  Electricity  and  Magnetism,"  vol.  i.,  p.  44. 
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these  are  taken  as  one  centimetre,  one  gramme  and 
one  second  respectively.''" 

There  is  one  matter  that  has  not  expUcitly  been  taken 
into  consideration  in  thus  defining  the  unit  quantity  of 
electricity,  viz.,  the  medium  in  which  the  action  be- 
tween the  two  charges  takes  place.  It  is  assumed,  how- 
ever, that  this  is  air.f 

Now  the  attraction  or  repulsion  between  two  quanti- 
ties of  electricity  is  proportional  to  each,  i.e.,  is  propor- 
tional to  the  product  of  the  two  quantities.  It  is  also 
inversely  proportional  to  the  square  of  the  distance 
between  them,  always  of  course  supposing  that  the  two 
quantities  are  collected  at  two  points,  hence  it  may  be 
represented  by  an  expression. 

EE' 

F  _  K 

When  F  stands  for  the  force  of  attraction  or  repulsion, 
E,  E'  the  two  quantities,  R  the  distance  between  the 
points  at  which  they  are  placed,  and  K  some  constant 
depending  on  the  permeabihty  of  the  medium  between 


*  In  the  sequel  it  will  be  found  that  all  the  unit  quantities  are  or 
can  be  expressed  in  terms  of  the  units  of  length,  mass  and  time,  and 
for  scientific  purposes  these  are  taken  as  one  centimetre,  one  gramme 
and  one  second  respectively.  Thus  the  unit  of  velocity  is  one  centi- 
metre per  second,  the  unit  of  acceleration,  one  unit  of  velocity,  some- 
times called  a  vel,  per  second,  i.e.,  a  velocity  of  one  centimetre  per 
second  added  per  second.  The  unit  of  force,  is  that  force  which, 
when  acting  on  a  mass  of  one  gramme,  gives  it  unit  acceleration, 
or  which  when  acting  on  one  gramme  for  one  second  gives  it  a 
velocity  of  one  centimetre  per  second  and  is  called  one  dyne.  The 
electro-static  unit  of  quantity  is  that  quantity  which  when  placed  at 
one  centimeter  from  an  equal  and  similar  quantity  repels  it  with  a 
force  of  one  dyne.  This  system  is  called  the  centimetre-gramme- 
second  system  (shortened  to  C.  G.  S.  system)  of  units, 
-f-  More  aqcurately  a  vacuum. 
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them  to  electric  action.  But  by  our  definition  when 
E  and  E'  are  equal,  and  F  and  R  are  made  equal  to 
unity,  E  and  E'  are  to  be  also  unity,  therefore  we  so 
choose  our  unit  of  electrical  quantity  that  K  which  is 
called  the  specific  inductive  capacity,  or  more  correctly  the 
dielectric  constant  of  the  medium  that  we  are  considering, 
is  taken  as  unity. 

The  unit  quantity  of  electricity  here  defined  is  called 
the  electro-static  unit  and  is  used  in  discussions  con- 
cerning electricity  at  rest.  It  and  the  other  units 
derived  from  it  lend  themselves  to  calculation  from 
geometrical  data,  so  that  for  example  if  the  size  and 
shape  of  a  conductor  be  known  it  is  only  a  question  of 
mathematics  to  calculate  its  electro-static  capacity.  In 
discussing  electricity  in  motion  we  shall  use  a  different 
system  of  units  based  on  a  different  assumption  as  to 
the  medium  concerned.  These  units  are  called  electro- 
magnetic units,  and  many  investigations  have  been 
made  with  the  object  of  finding  out  the  relations  of 
the  electro-static  to  the  electro-magnetic  units.* 

21.  Law  of  Inverse  Squares. — The  law  referred 
to  in  the  last  paragraph  that  the  force  between  two 
quantities  of  electricity,  other  things  being  equal,  is 
inversely  proportional  to  the  square  of  the  distance 
between  them,  has  been  proved  by  direct  experiment 
by  Coidomb  with  his  torsion  balance.  A  description  of 
this  instrument  and  of  the  experimental  proof  is  given 
in  all  text-books,  and  for  it  the  student  may  refer  to  the 
above-mentioned  "Elementary  Lessons  in  Electricity 
and  Magnetism  "  by  Prof.  S.  P.  Thompson.     A  far  more 

*  One  of  the  most  striking  ways  in  which  the  connection  between 
electricity  and  light  is  shown,  is  that  these  relations  involve  a  certain 
velocity  which  has  been  shown  by  measurement  to  coincide  with  the 
velocity  of  light. 
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accurate  proof  of  the  truth  of  the  law  is  given  by  the. 
famous  Cavendish  experiment,  which  shows  that  there  is 
no  electric  force  inside  a  conductor."-''. 

By  an  ingenious  arrangement  of  soap  bubbles  Pyof. 
C.  V.  Boys  has  lately  been  able  to  prove  the  absence  of 
electric  force  within  a  charged  conductor,  and  conse- 
quently the  law  of  inverse  squares  with  almost  incon- 
ceivable accuracy. 

22.  Electromotive  force,  Potential.! Whatever 
produces  or  tends  to  produce  a  transfer  of  electrifica- 
tion is  called  electromotive  force.  Thus  when  tw^o  electri- 
fied conductors  are  connected  by  a  wire,  and  when 
electrification  is  transferred  along  the  wire  from  one  to 
the  other,  the  tendency  to  this  transfer,  which  existed 
before  the  introduction  of  the  wire,  and  which,  when  the 
wire  is  introduced,  produces  this  transfer,  is  called  the 
electromotive  force  from  the  one  body  to  the  other  along 
the  path  marked  out  by  the  wire." 

"  To  define  completely  the  electromotive  force  from 
one  point  to  another,  it  is  necessary  in  general  to  specify 
a  particular  path  from  the  one  point  to  the  other  along 
which  the  electromotive  force  is  to  be  reckoned.  In  many 
cases,  e.g.,  in  electrolytic,  thermo-electric  and  electro- 
magnetic phenomena,  the  electromotive  force  from 
one  point  to  another  may  be  different  along  different 
paths;  if  we  restrict  our  attention,  however,  as  we 
must  do  in  this  part  of  our  subject,  to  the  theory  of  the 
equilibrium  of  electricity  at  rest,  we  shall  find  that  the 
electromotive  force  from  one  point  to  another  is  the 
same  for  all  paths  drawn  in  air  from  the  one  point  to 
the  other." 

•  "  Electrical  Researches  of  the  Hon.  Henry  Cavendish;'  p.  104, 

et.  seq.,  p-  4i7-  .  • 

t  Quoted  from  Maxwell's  "  Elementary  Treatise  on  Electricity, 

P-  5- 
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"  The  electromotive  force  from  any  point  along  a  path 
drawn  in  air,  to  a  certain  point  chosen  as  a  point  of 
reference,  is  called  the  electric  potential  at  that  point. 
Since  electrical  phenomena  depend  only  on  differences 
of  potential,  it  is  of  no  consequence  what  point  of  refer- 
ence we  assume  for  the  zero  of  potential,  provided  that 
we  do  not  change  it  during  the  same  series  of  measure- 
ments. 

"  In  mathematical  treatises,  the  point  of  reference  is 
taken  at  an  infinite  distance  from  the  electrified  system 
under  consideration.  The  advantage  of  this  is  that  the 
mathematical  expression  for  the  potential  due  to  a  small 
electrified  body  is  thus  reduced  to  its  simplest  form. 

"In  experimental  work  it  is  more  convenient  to 
assume  as  a  point  of  reference  some  object  in  metallic 
connection  with  the  earth,  such  as  any  part  of  the 
system  of  metal  pipes  conveying  the  gas  or  water  of  a 
town. 

"  It  is  often  convenient  to  assume  that  the  walls,  floor 
and  ceiling  of  the  room  in  which  the  experiments  are 
carried  on  have  conducting  power  sufficient  to  reduce 
the  whole  outer  surface  of  the  room  to  the  same 
potential.  This  potential  may  then  be  taken  for  zero. 
When  an  instrument  is  enclosed  in  a  metallic  case  the 
potential  of  the  case  may  be  assumed  to  be  zero. 

"  If  the  potentials  at  different  points  of  an  uniform 
conductor  are  different  there  will  be  an  electric  current 
from  the  places  of  high  to  the  places  of  low  potential. 
At  present  we  are  dealing  with  cases  of  electric  equi- 
librium in  which  there  are  no  currents.  Hence  in  the 
cases  with  which  we  have  now  to  do  the  potential  at 
every  point  of  the  conductor  must  be  the  same.  This 
potential  is  called  the  potential  of  the  conductor. 

23.  Equipotential  Surfaces. — "  The  region  of  space 
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in  which  the  potential  is  higher  than  a  certain  value  is 
divided  from  the  region  in  which  it  is  lower  than  this 
value  by  a  surface  called  an  equipotential  or  level 
surface,  at  every  point  of  which  the  potential  has  the 
given  value. 

"  We  may  conceive  a  series  of  equipotential  surfaces 
to  be  described,  corresponding  to  a  series  of  potentials 
in  arithmetical  order.  The  potential  of  any  point  will 
then  be  indicated  by  its  position  in  the  series  of  equi- 
potential surfaces. 

"  No  two  different  equipotential  surfaces  can  cut  one 
another  for  no  point  can  have  two  different  potentials. 

24.  Physical  Analogies. — "The  idea  of  electrical 
potential  may  be  illustrated  by  comparing  it  with  pres- 
sure in  the  theory  of  fluids  and  temperature  in  the 
theory  of  heat.  If  two  vessels  containing  fluids  are  put 
into  communication  by  means  of  a  pipe,  fluid  will  flow 
from  the  vessel  in  which  the  pressure  is  greater  into 
that  in  which  it  is  less  till  the  pressure  is  equahsed. 
This,  however,  will  not  necessarily  be  the  case  if  one 
vessel  is  higher  than  the  other,  for  gravity  has  a  ten- 
dency to  make  the  fluid  pass  from  the  higher  to  the 
lower  vessel.  Similarly  when  two  electrified  bodies  are 
put  into  electric  communication  by  means  of  a  wire, 
electrification  will  be  transferred  from  the  body  of 
higher  potential  to  the  body  of  lower  potential,  unless 
there  is  an  electro-motive  force  tending  to  urge  elec- 
tricity from  one  of  these  bodies  to  the  other,  as  in  the 
case  of  zinc  and  copper.  Again  if  two  bodies  at  differ- 
ent temperatures  are  placed  in  thermal  communication 
either  by  actual  contact  or  by  radiation,  heat  will  be 
transferred  from  the  body  at  the  higher  temperature  to 
the  body  at  the  lower  temperature,  till  the  temperature 
of  the  two  bodies  becomes  equalised.     The  analogy 
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between  temperature  and  potential  must  not  be  assumed 
to  extend  to  all  parts  of  the  phenomena  of  heat  and  elec- 
tricity. Indeed  this  analogy  breaks  down  altogether 
when  it  is  applied  to  those  cases  in  which  heat  is 
generated  or  destroyed.  We  must  also  remember  that 
temperature  corresponds  to  a  real  physical  state,  where- 
as potential  is  a  mere  mathematical  quantity  the  value 
of  which  depends  on  the  point  of  reference  we  may 
choose.  To  raise  a  body  to  a  high  temperature  may 
melt  or  volatilize  it,  to  raise  a  body,  together  with  the 
vessel  which  surrounds  it,  to  a  high  electrical  potential 
produces  no  physical  effect  whatever  on  the  body. 
Hence  the  only  part  of  the  phenomena  of  electricity  and 
heat  which  we  may  regard  as  analogous  is  the  condition 
of  the  transfer  of  heat  or  of  electricity  according  as  the 
temperature  or  the  potential  is  higher  in  one  body  or  in 
the  other.  With  respect  to  the  other  analogy— that 
between  potential  and  fluid  pressure — we  must  re- 
member that  the  only  respect  in  which  electricity 
resembles  a  fluid  is  that  it  is  capable  of  flowing  along 
conductors  as  a  fluid  flows  in  a  pipe  "  (§  17). 

In  terms  of  this  analogy  the  electricity  is  compared  to 
the  fluid,  while  the  pressure  of  the  fluid  at  any  point 
answers  to  the  potential  of  the  electricity  at  a  corres- 
ponding point,  the  difference  of  pressure  between  two 
points  causes  the  flow  of  fluid  from  one  to  the  other 
while  similarly  the  electro-motive  force  or  diff"erence  of 
potential  between  two  points  causes  the  flow  of  elec- 
tricity from  one  to  the  other. 

The  conception  of  electric  potential  is  a  very  difficult 
one,  and  this  is  not  the  proper  place  for  a  discussion  of 
It  m  all  its  bearings  ;  enough  has  been  said  in  the  long 
quotation  from  Clerk  Maxivell  to  give  some  idea  of  the 
meaning  of  the  word,  but  the  student  who  wishes  to 
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obtain  a  thorough  insight  into  it  cannot  do  better  than 
read  Clerk  Maxwell's  "  Elementary  Treatise  on  Elec- 
tricity," giving  special  attention  to  Chapter  III.,  on 
"  Electrical  Work  and  Energy."  In  most  of  what 
follows  and  especially  in  the  part  which  refers  to  elec- 
tricity in  motion  the  idea  of  electric  pressure  in  connec- 
tion with  the  word  potential  will  be  the  dominant  one, 
but  it  must  always  be  remembered  that  this  idea  of 
pressure  is  based  on  the  analogy  of  the  electric  flow  to  a 
fluid  flow,  and  this  is  at  best  very  imperfect. 

25.  Definition  of  potential. — It  must  be  noticed 
here  that  the  definition  of  potential  just  given  is  a  very 
imperfect  one.   A  complete  definition  is  the  following: — 

The  amount  of  work  done  against  the  electrical  forces 
of  the  system,  by  an  external  agent,  in  carrying  one  unit 
of  positive  electricity  from  a  place  where  the  potential  is 
zero,  to  a  given  point,  is  called  the  electric  potential  at 
that  point.  This  definition  includes  that  just  given  and 
is  complete.  We  shall  have  to  recur  to  this  subject  in 
the  next  chapter. 

It  is  a  consequence  of  this  definition  that  unit  differ- 
ence of  potential  is  the  difference  of  potential  between 
two  points  when  one  unit  of  work  is  expended  in  mov- 
ing unit  quantity  of  positive  electricity  from  the  point  at 
lower  potential  to  that  at  the  higher. 

Also  if  E  be  the  quantity  of  positive  electricity  at  any 
point,  the  potential  due  to  this  at  any  other  point  dis- 
E 

tant  R  from  it  is  — .* 

R 

26.  Electrometers.— The  only  thing  that  can  be 
observed  in  connection  with  electricity  at  rest  is  a 
difference  of  potential.  It  is  possible  to  measure  the 
quantity  of  electricity  driven  through  certain  instru- 

•  Maxwell,  "  Elementary  Electricity,"  p.  67. 
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ments,  just  in  the  way  that  a  quantity  of  water  driven 
through  a  water  meter  can  be  measured,  and  some  of 
these  instruments  will  be  discussed  in  a  future  chapter ; 
but  for  the  present  we  can  only  appreciate  electrical 
charge  by  observing  a  difference  of  potential,  and  elec- 
troscopes and  electrometers  are  instruments  for  showing 
or  measuring  differences  of  potential.  A  quotation  from 
Dr.  Lodge's  "  Modern  Views  "  may  make  this  clearer  : — 
"  Imagine  now  that  we  live  immersed  in  an  infinite 
ocean  of  incompressible  and  inexpansible  all-permeating 
perfect  liquid,  like  fish  living  in  the  sea ;  how  can  we 
become  cognizant  of  its  existence  ?  Not  by  its  weight, 
for  we  can  remove  it  from  no  portion  of  space  to  try 
whether  it  has  weight.  We  can  weigh  air,  truly,  but 
that  is  simply  because  we  can  compress  it  and  rarefy  it. 
An  exhausting  or  condensing  pump  of  some  kind  was 
needed  before  even  air  could  be  weighed  or  its  pressure 
estimated.  But  if  air  had  been  incompressible  and 
inexpansible,  if  it  had  been  a  vacuumless  perfect  liquid, 
pumps  would  have  been  useless  for  the  purpose,  and  we 
should  necessarily  be  completely  ignorant  of  the  weight 
and  pressure  of  the  atmosphere.  How  then  should  we 
become  cognizant  of  its  existence  ?    In  four  ways  : — 

"fl.  By  being  able  to  pump  it  out  of  one  elastic  bag 
into  another  (not  out  of  one  bucket  into  another  ;  if  you 
lived  at  the  bottom  of  the  sea  you  would  never  think 
about  fiUing  or  emptying  buckets — the  idea  would  be 
absurd  ;  but  you  could  fill  or  empty  elastic  bags),  and 
by  noticing  the  strain  phenomena  exhibited  by  the  bags 
and  their  tendency  to  burst  when  over  full. 

''h.  By  winds  or  currents  ;  by  watching  the  effect  of 
moving  masses  of  the  fluid  as  it  flows  along  pipes  or 
through  spongy  bodies,  and  by  the  effects  of  its  inertia 
and  momentum. . 
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"  c.  By  making  vortices  and  whirls  in  the  fluid  and  by 
observing  the  mutual  action  of  these  vortices,  their 
attractions  and  repulsions. 

"d.  By  setting  up  undulations  in  the  medium,  i.e.,  by 
the  phenomena  which  in  ordinary  media  excite  in  us 
through  our  ears  the  sensation  called  sound. 

"  In  all  these  ways  we  have  become  acquainted  with 
Electricity,  and  in  no  others  that  I  am  aware  of.  They 
correspond  to  the  four  great  divisions  of  the  subject 
which  I  made  above  "  (see  §  lo). 

The  observations  then  that  we  are  able  to  make  on 
potential,  answer  to  observing  the  strains  of  the  elastic 
bag  of  Dr.  Lodge's  analogy. 

Since  electro-motive  force  is  difference  of  potential,  an 
electrified  body  tends  to  move  from  places  of  high  to  . 
places  of  low  potential. 

27.  The  gold  leaf  electroscope  has  been  shortly  de- 
scribed in  §  15.  The  divergence  of  the  leaves  of  this 
instrument  may  be  taken  as  an  indication  that  the  knob 
or  disc,  which  was  termed  by  Faraday  the  electrode,  or 
way  by  which  electricity  enters  the  instrument,  is  at  a 
different  potential  to  the  walls  of  the  room,  or  to  that  of 
the  metal  cage  that  surrounds  some  forms  of  the  instru- 
ment, but  obviously  without  further  observation  it  does 
not  tell  whether  the  potential  is  higher  or  lower,  i.e., 
more  positive  or  more  negative,  and  further  tests  must 
be  made  to  discover  this.  Neither  does  it  give  us  more 
than  the  roughest  indication  of  the  amount  of  difference 
of  potential.  In  cases  where  there  is  a  great  ditference 
of  potential,  and  a  delicate  gold  leaf  electroscope  is  likely 
to  be  spoilt,  rougher  forms  may  be  used,  e.g.,  Dutch 
metal  or  even  pith  balls  suspended  by  linen  threads  may 
be  used  instead  of  the  more  delicate  gold  leaf. 

If  it  is  required  to  measure  a  difference  of  potential  an 
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electrometer  must  be  used.  There  are  many  forms  of 
these,  most  of  which  are  due  to  the  inventive  genius  of 
Sir  W.  Thomson.  Descriptions  of  the  various  forms  will 
be  found  in  most  text-books,  such  as  for  instance  in 
S.  P .  Thompson's  "  Lessons  in  Electricity  and  Magnet- 
ism," or  the  article  "Electrometer"  in  the  last  edition 
of  the  "  Encyclopedia  Britannica,"  but  best  of  all  in 
Sir  W.  Thomson's  papers  on  "  Electro-statics  and  Mag- 
netism," pp.  263  et  seq. 

28.  Distribution  of  Chargre ;  Density  It  has  al- 
ready been  observed  that  the  whole  of  an  electric  charge 
resides  on  the  surface  of  a  charged  conductor  (§  i6),  and 
this  has  been  proved  by  direct  experiment  in  many 
ways.    We  may  now  proceed  to  discover  if  the  distribu- 
tion over  a  conductor  is  uniform  or  not.     The  experi- 
ment is  easily  tried  by  testing  different  parts  of  a 
conductor  with  a  small  carrier,  a  disc  of  conducting 
material  supported  on  an  insulating  handle,  called  a 
proof  plane,  and  it  is  soon  found  that  while  the  distri- 
bution over  a  sphere  is  uniform,  as  we  should  expect 
from  the  symmetry  of  the  figure,  it  is  not  so  on  con- 
ductors of  other  shapes,  but  the  greater  the  curvature  of 
the  surface,  the  more  electricity  is  taken  up  by  the  proof 
plane.    Let  us  define  the  quantity  of  electricity  per  unit 
square  centimetre)  of  surface  as  the  electric  density 
then  the  electric  density  is  the  same  at  all  points  of  a 
sphere   uninfluenced  by  surrounding   objects,  but  on 
conductors  of  other  shapes  the  density  is  greater  the 
greater  the  curvature  of  the  surface,  till  at  a  sharp  edge 
or  a  point  the  density  becomes  so  great  that  a  discharge 
takes  place.    For  this  reason  if  a  point  is  attached  to  a 
charged  conductor  a  stream  of  charged  particles  of  air  is 
repelled  from  the  point  giving  rise  to  a  wind  setting 
irom  the  point  and  rapidly  discharging  the  conductor. 
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29.  Action  of  points.— We  must  consider  this  action 
of  points  a  little  more  fully,  as  it  becomes  of  great  im- 
portance in  electrical  machines,  and  sometimes  in  elec- 
trical treatment.    In  the  first  place  the  presence  of  a 
point  "on  a  charged  conductor  renders  it  impossible  to 
keep  a  charge  on  the  conductor,  however  well  it  may  be 
insulated.    But  the  same  effect  will  occur  if  a  point  be 
presented  to  a  charged  conductor,  for  the  charge,  which 
we  will  suppose  is  positive,  of  the  conductor  acting  in- 
ductively on  the  point  will  induce  a  negative  charge  at 
the  point,  the  density  of  which  will  become  so  great 
that  it  will  be  discharged  to  the  original  conductor, 
neutraUsing  its  positive  charge  and  leaving  the  con- 
ductor which  bears  the  point  positively  charged  if  it  is 
insulated.    It  is  by  this  means  that  the  prime  con- 
ductors of  most  electrical  machines  are  charged  from 
the  excited  plate  or  other  moveable  part. 

30.  Capacity.— The  quantity  of  electricity  that  is  re- 
quired to  raise  the  potential  of  any  conductor  from  zero 
to  unity,  all  other  conductors  in  the  neighbourhood  being 
kept  at  zero  potential,  is  called  its  Capacity. 

Hence  if  a  charge  E  be  given  to  any  conductor  at 
zero  potential,  and  its  potential  is  thereby  raised  to  V, 
if  C  stand  for  the  capacity— 

E 

C=  -  or  E  =  CV. 
V 

Hence  if  we  know  the  capacity  of  any  conductor,  and 
can  determine  its  potential  by  means  of  an  electrometer, 
we  are  able  to  calculate  the  quantity  of  electricity  on  it. 

31.  Capacity  of  a  sphere.— It  is  shown  in  Maxwell s 
"Elementary  Treatise"  that  the  capacities  of  certain 
conductors  may  be  calculated  from  their  shapes,  e.g., 
that  the  capacity  of  a  sphere  is  numerically  equal  to  its 
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radius,  and  that  the  capacity  of  a  sphere  of  radius  a 
surrounded  by  a  concentric  sphere  of  radius  b  which  is 
kept  at  zero  potential  is  given  by  the  expression  


a  b 


b  —  a. 


That  is  to  say  a  sphere  whose  radius  is  lo  centimeters 
concentric  with  one  whose  radius  is  1 1  centimeters,  will 
have  a  capacity,  if  the  outer  sphere  is  kept  at 'zero 
potential,  of 

10  X  II 

 =  no  units, 

11  —  ID 

whereas  such  a  sphere  not  surrounded  by  another  sphere 
but  suspended  apart  from  other  conductors  in  space, 
would  only  have  a  capacity  of  lo  units. 

If  the  radius  of  the  outer  sphere  were  reduced  to  lo^ 
cm.,  the  capacity  of  the  inner  one  would  become 

lo  X  lo^ 

 =  210  units, 

10^  —  10 

so  that  the  closer  the  spheres  are  the  greater  the  capacity 
of  the  inner  one. 

In  general  the  nearer  that  uninsulated  conducting 
bodies  are  to  a  conductor  the  greater  the  capacity  of 
that  conductor. 

_  32.  Condensers.*-An  apparatus  consisting  of  two 
insulated  conductors,  each  presenting  a  large  surface  to 
the  other,  with  a  small  distance  between  them,  is  called 
a  condenser,  because  when  one  conductor  is  connected 
to  earth,  a  small  electromotive  force  is  able  to  charge  the 
other  with  a  much  larger  quantity  of  electricity  than  if  it 
stood  alone, its  capacity  is  increased  by  the  proximity 
ot  the  other  conductor  (see  §  31). 

'  MaxwelVs  "  Elementary  Treatise  on  Electricity,"  Chap.  VIII. 
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The  simplest  form  of  condenser  consists  of  two  metal- 
lic discs  supported  on  insulating  stems  and  facing  each 
other,  the  intervening  non-conductor  or  dielectric  being 
air.  If  now  a  different  dielectric,  as  for  example,  a 
sheet  of  glass,  be  inserted  instead  of  air,  the  capacity  of 
the  condenser  will  be  found  to  be  different  and  greater 
than  before,  thus,  the  induction  across  the  dielectric 
depends  on  the  nature  of  the  dielectric  (cf.  §  20). 

33.  Dielectric  constant.— Since  a  glass  condenser 
has  a  higher  capacity  than  an  air  condenser,  glass 
transmits  induction  better  than  air,  and  we  say  that 
glass  has  a  higher  dielectric  constant  or  specific  inductive 
capacity  than  air.     Now  in  §  20,  in  defining  our  unit 


I 


Fig.  5. — Leydenjar.' 

quantity  of  electricity,  we  assumed  the  dielectric  con- 
stant of  air  to  be  unity.  We  now  see  that  we  might 
have  assumed  that  of  any  other  standard  substance  as 
unity,  but  in  doing  so  we  should  have  obtained  a  dif- 
ferent unit  of  electrical  quantity. 

34.  Leyden  jar.— The  electrical  condenser  most  often 
used  in  experiments  on  static  electricity  is  that  known 
as  the  Leyden  jar  (fig.  5). 

The  ordinary  form  of  this  apparatus  is  a  glass  jar 
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or  bottle,  coated  inside  and  out  with  metal  foil  to 
within  two  or  three  inches  of  the  top.  Through  the 
cork  of  the  bottle  a  wire  passes,  terminating  above  in  a 
knob,  and  below  in  a  chain  to  make  metalHc  contact 
with  the  inner  coating.  To  charge  the  jar  the  outer 
coating  is  connected  to  earth,  and  so  kept  at  zero 
potential,  while  the  inner  coating  is  connected  with  the 
conductor  of  an  electrical  machine  or  charged  by  an 
electrophorus.  The  charge  given  to  the  inner  coating 
acts  inductively  across  the  dielectric  of  the  jar,  which  is 
thus  able  to  retain  its  charge.  It  may  be  discharged  by 
bringing  a  metallic  conductor,  which  is  in  connection 
with  the  outer  coating,  near  to  the  knob  of  the  jar.  A 
spark  will  occur  and  the  jar  is  discharged. 

35.  Strain  in  the  dielectric  There  is  one  ex- 
periment that  may  be  performed  with  a  particular  kind 
of  Leyden  jar  that  must  be  noticed.      Let  us  take 
a  jar  in  which  the  coatings  are  removable,  connect  the 
outer  coating  to  earth  and  charge  the  jar.   Then  remove 
the  inner  coating  by  an  insulating  handle  and  also  the 
outer  coating.    These  may  be  tested  by  an  electrometer 
and  will  show  but  small  sign  of  charge,  they  may  be 
completely  discharged  and  put  back  into  place  with  the 
same  precautions  as  before.     Now  on  connecting  the 
coatings  a  spark  will  pass  just  as  if  the  coatings  had 
never  been  removed.    The  meaning  of  this  is  that  the 
electrical  effect  resides  not  in  the  charged  bodies  but  in 
the  dielectric  between  them.    In  fact  we  are  taught  by  this 
experiment  to  look  on  static  electrical  action  as  a  state 
of  strain  in  the  dielectric  between  conductors,  rather 
than  as  a  state  of  the  conductors  themselves.  Faraday 
was  the  first  to  work  out  this  idea,  and  he  symbolized 
It  by  diagrams  expressing  the  state  of  the  dielectric 
medium. 
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36.  Lines  of  induction. — Let  us  suppose  a  charge 
of  say  ten  units  of  positive  electricity  situated  on  a  sphere 
and  uniformly  distributed  on  it.     It  is  essential  to  the 
existence  of  this  charge  that  on  surrounding  objects  at 
zero  potential  there  shall  be  a  corresponding  negative 
charge  of  ten  units.    Let  now  the  surface  of  the  sphere 
be  divided  into  ten  equal  parts,  and  each  will  contain 
one  unit  of  electricity,  and  let  lines  be  drawn,  4  is  from 
each  part  parallel  to  the  direction  in  which  a  particle 
charged  with  positive  electricity  would  be  repelled. 
These  lines  are  to  be  continued  always  parallel  to  the 
direction  of  the  electric  force  at  each  point  till  they  ter- 
minate in  the  body  at  zero  potential  where  the  corres- 
ponding negative  charge  exists.    These  Unes  are  called 
lines  of  induction  (or  sometimes  less  aptly  "hnes  of  force"), 
and  are  perpendicular  to  the  equipotential  surfaces  re- 
ferred to  in  §  23.    The  whole  of  the  space  with  which 
we  are  concerned,  the  dectvic  field,  within  the  conductor 
at  zero  potential,  is  mapped  out  by  these  lines  of  in- 
duction and  equipotential  surfaces,  and  if  the  original 
sphere  be  replaced  by  a  conductor  coinciding  in  position 
with  any  of  the  equipotential  surfaces,  the  charge  at  any 
portion  of  that  surface  is  given  by  the  number  of  lines  of 
induction  crossing  it  divided  by  4  tt. 

Diagrams  will  be  found  in  Clevli  MaxwelVs  "Electricity 
and  Magnetism,"  of  the  lines  of  induction  and  equi- 
potential surfaces  round  points  charged  in  different 
ways.  (See  also  Dv.  Lodge's  "  Modern  Views,"  and 
MaxwelVs  "  Elementary  Electricity,"  §  93,  et  seq.). 

37.  Electric  displacement.— There  is  a  way  of 
looking  at  electrification  from  this  point  of  view  of  hnes 
of  induction,  for  a  more  complete  exposition  of  which 
we  may  refer  to  the  above  mentioned  "  Modern  Views 
of  Electricity,"  in  which  the  dielectric  is  considered  as 
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strained  by  the  displacement  of  electricity  all  along  a 
line  of  induction,  and  as,  in  virtue  of  its  dielectric  pro- 
perties, elastically  opposing  this  displacement. 

38.  Practical  note. — In  performing  experiments  on 
statical  electricity  it  is  essential  to  remember  that  dust 
and  damp  are  great  enemies  to  success.  Glass  has  a 
great  power  of  condensing  a  thin  film  of  moisture  on  its 
surface,  and  this  film  of  water  has  conducting  power 
sufficient  to  discharge  any  charged  conductor.  Hence 
it  is  necessary  that  all  the  instruments  should  be  abso- 
lutely clean  and  dry,  and  to  effect  the  latter  the  most 
convenient  way  is  to  warm  them.  Another  method  of 
minimising  the  hygroscopic  power  of  glass  is  to  cover  it 
with  a  shellac  varnish.  It  is  well  to  remember  too  that 
there  are  certain  kinds  of  lead  glass  that  conduct  pass- 
ably well,  and  consequently  will  not  insulate  even  when 
warm  and  dry.  In  our  climate  we  need  never  be  sur- 
prised at  the  failure  of  electro-static  experiments,  even 
after  the  most  elaborate  care  has  been  expended  on 
them. 
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CHAPTER  III. 
Electricity  in  Motion. 

Contact  electromotive  force.  Simple  Voltaic  cell  or  battery.  Oersted's 
experiment.  Magnetism.  North  seeking  and  South  seeking 
poles.  Strength  of  pole.  Permeability.  Magnetic  moment. 
Magnetic  field.  Lines  of  force.  Field  of  force  about  a  wire 
carrying  a  current.  Unit  current.  Galvanometers.  Tangent 
and  Sine  galvanometers.  Galvanometer  constant.  Ammeters 
and  voltmeters.  Reflecting  galvanometer.  Electromotive  force. 
Resistance.  Ohm's  law.  Practical  units.  Electrolysis.  Anode 
and  kathode.  Laws  of  electrolysis.  Electro-chemical  equiva- 
lents. Legal  Ohm.  Specific  resistance.  Resistance  of  an 
electrolyte.  Measurement  of  resistance.  Network  of  con- 
ductors. Shunts.  Wheatstone's  bridge.  Post  office  box. 
Arrangement  of  batteries.  Internal  resistance.  Heating  effects. 
Electromagnetic  induction.  Lenz's  law.  Mutual  induction. 
Self  induction.  RuhmkorfTs  coil.  Magneto-machine.  Dynamos. 
Practical  note. 

39.  Contact  electromotive  force. — It  was  observed 
at  the  end  of  the  last  century  by  Volta,  that  when  dis- 
similar metals,  such  as  zinc  and  copper,  were  brought 
into  contact  in  air,  electrical  separation  took  place,  and 
a  difference  of  potential  was  set  up  between  the  metals, 
the  zinc  being  positive  to  the  copper,  or  at  a  higher 
potential. «  Under  these  circumstances  this  difference 
of  potential  does  not  efface  itself  by  discharging  across 
the  junction  of  the  two  metals  as  a  difference  of  potential 
between  two  parts  of  a  homogeneous  conductor  would 
do.    If  it  could  do  so  there  would  be  a  continual  flow  of 

•  A  different  view  is  taken  by  Dr.  Lodge,  see  "  Modern  Views  of 
Electricity,"  Chap.  VL 
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current  from  zinc  to  copper,  and  this  would  result  in  the 
heating  of  the  circuit,  and  an  expenditure  of  energy  or 
rather  in  a  creation  of  energy,  which  is  impossible. 
Again,  the  electromotive  force  set  up  at  the  junction  of 
the  two  metals  could  only  discharge  itself  across  the 
junction  by  a  flow  in  the  opposite  direction  to  that  in 
which  it  tends  to  cause  a  flow,  but  that  is  absurd.  But  if 
the  two  pieces  of  metal  while  in  contact  are  immersed  in 
some  liquid  that  is  capable  of  acting  chemically  on  one 
of  them,  e.g.,  dilute  sulphuric  acid,  a  complete  circuit  is 
formed,  and  the  discharge  can  take  place  through  the 
Hquid,  which  undergoes  decomposition  thereby,  and  the 
difference  of  potential  being  continually  renewed,  a  con- 
tinuous discharge  takes  place  round  the  circuit  in  the 
following  way  : — 

Positive  electricity  passes  across  the  junction  of  cop- 
per and  zinc,  and  then  from  the  zinc  across  the  liquid 
to  the  copper  again.  If  the  connection  of  copper  to  zinc 
be  by  a  wire,  as  is  usually  the  case,  we  may  use  the 
language  of  the  two  fluid  hypothesis  and  look  on  the 
junction  as  a  sort  of  pump  driving  positive  electricity 
round  the  circuit,  so  that  it  passes  from  zinc  across  the 
liquid  or  electrolyte  to  copper  and  back  to  the  zinc 
again  along  the  metallic  connection  between  it  and  the 
copper,  thus  making  a  true  circuit. 

This  theory  of  a  contact  electromotive  force  is  not 
altogether  satisfactory,  since  it  fails  to  explain  many 
facts  that  are  observed,  moreover  the  seat  of  the  supply 
of  energy  to  the  circuit  is  certainly  not  at  the  junction 
of  the  copper  and  zinc,  where  it  should  be  to  accord 
with  the  theory.  It  must  therefore  be  looked  on  as 
merely  a  working  hypothesis  of  the  same  class  as  the 
fluid  theory  of  §  12,  until  a  satisfactory  theory  is  pro- 
pounded. 
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40.  Voltaic  cell. — Such  an  arrangement  is  called  a 
Voltaic  cell,  and  but  for  disturbances  that  will  be  more 
fully  considered  in  Chap.  V.,  it  would  give  a  continuous 
current,  till  either  the  zinc  or  the  exciting  liquid  (called 
the  electrolyte)  was  exhausted.  The  difference  of  potential 
in  a  cell  or  its  electromotive  force  is  due  to  the  contact 
electromotive  force  of  the  metals  forming  the  poles  of 
the  cell,  though  in  certain  cases  this  may  be  slightly 


Fig.  6.— Single  Voltaic  cell  showing  poles  and 
direction  of  flow  inside  and  out  of  cell. 

modified  by  the  liquid  used.  It  is  possible  to  increase 
the  electromotive  force  by  joining  together  a  sufficient 
number  of  simple  Voltaic  cells,  zinc  of  one  to  copper  of 
the  next.  Such  a  combination  of  cells  is  called  a  battery, 
and  the  cells  are  said  to  be  joined  in  series,  and  the  elec- 
tromotive force  of  the  battery  is  equal  to  the  sum  of  the 
electromotive  forces  of  the  cells  which  compose  it. 

It  is  customary  in  some  textbooks  to  speak  of  the  zmc 
plate  of  a  battery  as  the  positive  plate,  and  the  copper 
or  other  plate  as  negative,  while  the  terminal  attached 
to  the  zinc  plate  is  called  the  negative  pole,  and  that 
attached  to  the  copper  the  positive.  The  origin  of  this 
very  confusing  nomenclature  is  no  doubt  the  fact  that  in 
the  battery  the  positive  direction  of  flow  of  the  current 
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is  from  zinc  to  copper,  and  that  zinc  is  said  to  be  electro- 
positive to  copper.  But  in  the  connecting  wire  the 
positive  direction  of  flow  of  the  current  is  from  copper 
to  zinc  (see  fig.  6),  and  as  this  is  the  portion  of  the 
circuit  that  we  are  most  concerned  with,  the  word 
positive  will  be  used  to  denote  the  positive  pole  of  the 
battery  and  also  the  plate  connected  with  it,  when  it  is 
necessary  to  specify  this.  This  is  in  conformity  with 
the  usage  of  electrical  engineers,  who  speak  of  the 
peroxide  plates  in  an  accumulator  as  "positives." 

41.  Oersted's  experiment — Let  a  small  magnet, 
say  a  compass  needle,  be  suspended  freely  at  rest.  It 
will  point  North  and  South,  now  over  it  let  there  be 
carried  a  wire  joining  the  two  terminals  of  a  cell  or 
battery  in  such  a  way  that  its  course  from  copper  to 
zinc  along  the  wire  shall  be  from  South  to  North, 
i.e.,  so  that  the  current  (the  positive  direction  of 
flow)  is  from  South  to  North,  then  the  North  seeking 
end  of  the  magnet  will  be  deflected  towards  the  West. 
This  observation  is  due  to  Oersted  of  Copenhagen,  and 
it  was  formulated  by  him  into  .a  law  for  telling  the 
direction  of  flow  in  a  circuit  thus : — Imagine  a  man 
swimming  with  the  current  in  the  wire,  i.e.,  from  copper 
to  zinc  and  facing  the  needle,  the  North  seeking  end  of 
the  magnet  will  always  be  deflected  towards  his  left 
hand,  whatever  the  position  of  the  wire  with  regard  to 
the  magnetic  needle. 

42.  Magnetism — It  will  be  convenient  at  this  point 
to  make  a  short  digression  and  discuss  the  properties  of 
magnets  and  the  laws  by  which  they  are  governed. 
We  will  assume  a  knowledge  of  the  elementary  facts  of 
magnetism,  which  are  somewhat  analogous  to  those  of 
electro-statics,  viz.,  the  existence  of  magnetic  poles  of 
two  kinds,  which  occur  of  equal  and  opposite  strength 
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in  every  magnet,  and  that  similar  poles  repel  each  other 
while  dissimilar  poles  attract  each  other,  and  we  will 
consider  an  ideal  magnet,  say  of  thin  wire,  such  that  its 
poles  are  situated  at  its  ends.  We  may,  just  as  in  the 
case  of  static  electricity,  consider  these  poles  as  points 
charged  with  a  hypothetical  something  which  is  called 
magnetism,  at  the  same  time  being  careful  to  remember 
that  in  using  this  language  we  are  merely  representing 
facts  in  terms  of  a  convenient  metaphor  (see  §  12). 

43.  North  seeking^  and  South  seeking  poles. — 
When  a  magnet  is  suspended  freely  at  the  surface  of  the 
earth  it  is  found  that  it  swings  so  as  to  set  itself  with 
one  pole  pointing  towards  the  North  (or  at  least  ap- 
proximately so)  and  the  other  towards  the  South. 
These  poles  are  spoken  of  as  the  North  seeking  and  Soiiih 
seeking  poles  respectively,  and  their  names  are  abbreviated 
into  N.  and  S.  for  convenience.  Magnets  are  often 
painted  the  N.  end  red  and  the  S.  end  blue,  as  sug- 
gested by  Sir  W.  Thomson.*  For  purposes  of  definition, 
one  magnetic  pole  only  may  be  considered,  although  in 
practice  both  will  always  have  to  be  taken  into  con- 
sideration, as  it  is  not  possible  to  deal  with  infinitely 
long  magnets. 

44.  Strength  of  magnetic  pole.— A  magnetic 
pole  of  such  strength  that  it  will  repel  an  equal  and 
similar  magnetic  pole  placed  at  unit  distance  (one  centi- 
metre) from  it  with  unit  force  (one  dynef )  is  called  unit 

*  These  poles  are  therefore  sometimes  called  red  and  blue 
respectively.  It  is  obvious  that  if  the  earth  be  looked  on  as  a 
magnet,  the  North  pole  is  affected  (charged)  with  S.  magnetism,  the 
South  pole  with  N.  Sometimes  the  N.  seeking  pole  of  a  magnetic 
needle  is  "  blued,"  while  the  S.  seeking  pole  is  left  bright. 

f  Dyne  the  C.G.S.  unit  of  force.  That  force  which  acting  on  i 
gramme  for  one  second  changes  its  velocity  by  one  centimetre  per 
second. 
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magnetic  pole  (cf.  §  20).  In  the  language  of  analogy- 
such  a  magnetic  pole  may  be  said  to  be  charged  with 
unit  quantity  of  magnetism. 

The  same  considerations  apply  here  as  in  the  case  of  quantities  of 
electricity.  The  force  between  two  magnetic  poles  is  proportional  to 
the  product  of  their  strengths,  and  inversely  proportional  to  the 
square  of  their  distances,  hence  it  may  be  represented  by  an  ex- 
pression. 

mm' 
F=  f. 

Where  F  stands  for  the  force  of  repulsion  or  attraction,  m,  m'  for 
the  strengths  of  pole,  r  the  distance  between  them,  and  ^  is  some 
constant  depending  on  the  permeability  of  the  medium  between  them 
to  magnetic  action.  But  by  our  definition  when  m  m'  are  equal,  and 
r  and  F  are  made  equal  to  unity,  m  and  m'  are  also  unity,  therefore 
we  must  so  choose  our  unit  strength  of  pole  that  ^,  the  magnetic 
permeability  of  the  medium  that  we  are  considering,  viz.,  air,*  is 
unity. 

This  is  an  important  matter  as  it  is  the  unit  upon  which  our 
whole  system  of  electro-magnetic  units  (cf.  §  20)  is  based.  As  ex- 
plained there  the  electro-static  units  start  with  the  assumption  that 
the  dielectric  constant  of  air  shall  be  unity,  so  the  electro-magnetic 
units  are  based  on  the  assumption  that  the  magnetic  permeability  of 
air  shall  be  unity.  Obviously  both  these  assumptions  are  not  neces- 
sarily true  together,  and  if  they  had  happened  to  be  so  our  electro- 
static and  electro-magnetic  units  would  have  coincided  in  magnitude 
but  they  do  not. 

45.  Magnetic  moment — The  product  of  the  strength 
of  one  magnetic  pole  of  a  magnet  into  the  distance  be- 
tween the  poles  of  the  magnet  is  called  the  magnetic 
moment  of  that  magnet.  This  is  the  measure  of  the 
tendency  of  the  magnet  to  turn  about  its  centre  when 
placed  in  a  magnetic  field  of  force  (see  below)  of  unit 
strength. 

46.  Magnetic  field.     Lines  of  force  The  re- 
More  correctly  a  vacuum.    But  these  factors  for  air  as  compared 

with  a  vacuum,  differ  very  slightly  from  unity. 
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gion  of  space  about  any  magnet  and  throughout  which 
we  consider  its  action  is  called  its  field.  By  a  reference  to 
§§  23  and  36  in  which  the  method  of  mapping  an  electric 
field  by  means  of  lines  of  force  and  equipotential  sur- 
faces was  described,  we  see  that  we  can  map  a  mag- 
netic field  in  exactly  the  same  way.  We  can .  draw  a 
series  of  equipotential  surfaces  round  a  magnet  (defining 
magnetic  potential  in  a  similar  way  to  our  second  and 
complete  definition  of  electric  potential  in  §  25)  and  map 
out  the  lines  of  magnetic  induction  or  Hues  of  force  with 
the  same  convention  and  in  the  same  way  as  we  did  the 
hues  of  electro-static  induction,  cutting  the  equipotential 


Fig.  7.— Lines  of  force  near  the  poles  of  a  magnet.    The  lines  should  be  produced 
to  meet,  as  they  are  really  continuous  circuits. 

surfaces  at  right  angles.  These  will  then  all  start  from 
points  or  surfaces  indued  with  N  magnetism  and  end  in 
points  or  surfaces  indued  with  S  magnetism  and  the  in- 
tensity of  a  magnetic  field  at  any  point  will  be  given  by 
the  number  of  lines  of  force  which  cross  per  square  cen- 
timeter of  surface  at  right  angles  to  them  at  that  point. 

The  force  with  which  unit  magnetic  pole  is  urged  in  the  direction 
of  the  lines  of  magnetic  induction  or  the  lines  of  force  at  any  point 
is  called  the  strength  or  intensity  of  the  field  at  that  point.  If  a 
surface  be  drawn  through  the  point  at  right  angles  to  the  lines  of  force 
there,  the  number  of  lines  of  force  per  unit  area  of  that  surface  which 
cross'  it,  is  a  measure  of  the  force,  e.g.,  a  magnetic  field  of  unit 
strength  will  have  one  line  of  force  per  square  centimetre  and  a 
magnetic  pole  of  unit  strength  placed  in  such  a  field  will  be  urged 
along  the  lines  of  force  with  a  force  of  one  dyne.* 
.    •  See  note  §  44. 
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It  is  easy  to  map  the  field  of  force  round  any  magnet 
since  every  magnet  obviously  tends  to  set  itself  parallel 
to  the  lines  of  force  at  the  point  where  it  is.  If  then 
the  magnet  whose  field  is  to  be  mapped  be  laid  down  on 
a  sheet  of  white  paper  and  a  small  compass  needle  be 
moved  about  in  its  vicinity  the  direction  of  the  needle 
at  any  point  will  give  the  direction  of  the  lines  of  force 
at  that  point  and  these  can  be  plotted  on  the  paper. 
Again  soft  iron  filings  in  a  magnetic  field  become 
magnets  themselves  by  induction  and  so  set  themselves 
along  the  lines  of  force  mapping  them  out  to  the  eye  in 
a  very  beautiful  manner. 

This  is  an  experiment  which  ought  to  be  tried  by 
every  student  and  it  will  give  a  clearer  idea  of  the  fines 
of  magnetic  induction  than  any  figure.  The  explana- 
tion of  the  fact  that  iron  becomes  strongly  magnetic 
when  placed  in  a  magnetic  field  is  due  to  the  fact  that 
the  permeability  of  iron  is  very  great,  hence  the  same 
induction  is  able  to  produce  a  larger  number  of  lines  of 
force  in  iron  than  in  air. 

47.  Field  of  force  about  a  wire  carrying  a 
current — To  return  to  the  electric  current.  We  can 
now  draw  a  deduction  from  Oersted's  experiment,  viz., 
that  there  must  be  a  magnetic  field  of  force  about  every 
wire  that  is  carrying  a  current,  and  since,  when  we  are 
facing  the  magnet  and  swimming  with  the  current,  the 
N  pole  is  always  deflected  to  the  left  whatever  the  posi- 
tion of  the  magnet  with  regard  to  the  wire,  it  follows 
that  the  lines  of  force  must  pass  round  the  wire  in 
circles,  and  it  is  easily  shown  that  they  do  so  by 
scattering  iron  fihngs  on  a  card,  through  a  hole  in 
which  a  vertical  wire  carrying  a  current  is  passed; 
when  the  card  is  tapped  the  filings  instantly  arrange 
themselves  so  as  to  map  out  the  lines  of  force  as  circles 
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round  the  wire ;  also  if  we  look  along  the  wire  from 
copper  to  zinc,  i.e.,  with  the  current,  the  direction  of  the 
Hnes,  the  direction  in  which  a  N  pole  will  move,  is  that 
of  the  hands  of  a  clock.  If  a  wire  be  bent  into  the  arc 
of  a  circle,  when  a  current  passes  through  this  arc  there 
will  be  a  field  of  force  at  the  centre  of  the  circle  due  to 
the  current  at  all  points  of  the  arc.  If  the  arc  were  in 
the  plane  of  the  paper  and  the  current  ran  counter  clock- 
wise* in  it  the  direction  of  the  lines  of  force  would  be 
vertically  up  from  the  paper. 

The  strength  of  the  field  of  force  at  the  centre  will  depend  on  the 
strength  of  current,  the  length  of  the  arc  and  the  length  of  the  radius 
of  the  circle  and  on  these  alone.  The  intensity  or  strength  of  the 
magnetic  field  at  the  centre  may  be  expressed  as  follows  :— 

I  i 
1  =  -^. 

Where  I  stands  for  the  intensity  of  magnetic  field,  i  for  the  magni- 
tude of  current,  I  for  the  length  of  the  arc,  and  r  for  the  radius,  while 
(t,  is  the  magnetic  permeabiHty  and  is  therefore  unity  (see  §  44),  or 
this  may  be  expressed  thus  r — 

lis 
F  =  

omitting  f>.  since  ^  =  1.  Where  F  is  the  force  exerted  on  a  magnetic 
pole  (North  seeking)  of  strength  5  placed  at  the  centre. 

48.  Definition  of  unit  current.— Consequently  if  we  make  the 
arc  of  the  circle  to  have  a  radius  of  one  unit  (one  centimetre)  and  a 
length  of  one  unit,  we  may  define  our  unit  current  as  that  current 
which  makes  a  field  of  unit  strength  at  the  centre,  or,  what  amounts 
to  the  same  thing,  as  that  current  which  acting  on  a  magnetic 
pole  of  unit  strength  at  the  centre  urges  it  with  unit  force  (one  dyne). 
By  this  means  the  unit  of  current  is  defined  in  terms  of  the  unit 
magnetic  pole.  And  unit  quantity  of  electricity  may  be  defined  as 
the  quantity  which  passes  any  given  point  in  a  circuit  in  which  unit 
current  is  flowing  in  unit  time. 

49.  Galvanometers  This  definition  of  unit  current 

*  That  is,  in  a  direction  opposite  to  that  of  the  hands  of  a  clock. 
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enables  us  to  make  an  instrument  for  measuring  the 
current  in  any  circuit.  Such  an  instrument  is  called  a 
galvanometer;  or  when,  as  is  frequently  the  case,  it  is  used 
merely  to  indicate  the  presence  of  a  current  it  may  be 
called  a  galvanoscope. 

In  its  simplest  form,  stripped  of  all  non-essentials,  the 
galvanometer  consists  of  a  coil  of  one  or  more  turns  of 
wire  with  a  small  magnet  suspended  freely  at  the  centre. 
The  coils  may  be,  and  generally  are,  circular  but  fre- 
quently for  convenience  of  construction  or  other  reasons 
they  are  wound  in  other  shapes.  The  needle  being 
suspended  freely  sets  itself  parallel  to  the  magnetic  field 
that  happens  to  exist  at  the  place  where  the  galvano- 
meter is  to  be  used,  and  the  coils  of  the  instrument  are 
then  set  parallel  to  the  needle  and  therefore  to  the  mag- 
netic field  at  the  place.  Hence  the  field  due  to  a  current 
circulating  in  the  coils  will  be  at  right  angles  to  the 
permanent  field  with  which  it  is  to  be  compared  (§  50). 

In  order  to  read  the  deflections  of  the  magnet  when 
the  galvanometer  is  in  use,  one  of  several  devices  may 
be  applied.  The  simplest,  where  very  accurate  reading 
IS  not  essential,  is  to  attach  to  the  magnet  a  very  light 
long  pointer  which  passes  over  a  scale.  Sometimes  the 
scale  IS  engraved  on  a  piece  of  mirror  and  the  position  of 
the  pomter  on  the  scale  can  be  determined  with  great 
accuracy  when  the  eye  is  so  placed  that  the  pointer  hides 
Its  own  image  in  the  mirror.  The  pointer  is  generally 
attached  at  right  angles  to  the  magnet  so  that  its  move- 
ments can  be  observed  without  hindrance  from  the  coils. 
1  he  pointer  is  often  made  of  straw  or  aluminium  or  paper. 

The  sensitiveness  of  a  galvanometer  may  be  de- 
creased by  using  a  shunt  to  carry  off  part  of  the  current 
or  by  so  placing  permanent  magnets  as  to  make  a  strong 
field  of  force  at  the  place  where  the  needle  is  suspended 
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(§131).     It  may  be  increased  by  arranging  permanent 
magnets  in  the  neighbourhood  so  as  to  partly  balance 
the  earth's  magnetic  force  at  the  place  where  the  gal- 
vanometer is,  or  by  using  the  so-called  astatic  combma- 
tion  of  magnets.     This  consists  of  two  needles  rigidly 
connected  and  so  magnetised  that  their  poles  are  turned 
in  opposite  directions.    This  combination  is  hung  with 
one  needle  inside  the  coils  and  the  other  outside.  The 
earth's  field  fails  to  exert  any  directive  action  on  the 
combination,  as  its  action  on  one  is  counter-balanced  by 
its  action  on  the  other ;  but  the  effect  of  the  field  of 
force  of  the  coils  acts  in  one  direction  on  the  poles  ot 
the  needle  within  them,  and,  being  itself  reversed  out- 
side the  coils,  has  an  influence  in  the  same  direction  on 
the  reversed  magnet  there,  and  thus  tends  to  turn  the 
whole  combination  in  one  direction. 

For  the  types  of  galvanometer  used  in  medicine  s««  §  1 3 1  • 

CO  Tangent  and  sine  galvanometers.-It  is  evident  from  what 
was  said  in  §  47  that  since  the  action  of  a  current  in  a  circular  arc 
on  a  magnetic  pole  placed  at  the  centre  of  the  circle  is  proportiona 
to  the  length  of  arc,  the  inverse  square  of  the  radius,  the  strength  ot 
the  current,  and  the  strength  of  the  magnetic  pole,  i.e., 

F=— . 

Where  F  stands  for  the  force,  I  for  the  length  of  arc,  i  for  the  current, 
5  for  the  strength  of  pole  and  r  for  the  radius  of  the  circle,  if  we  com- 
plete the  circl^  I  becomes  ...  (where  .  stands  for  the  ratio  of  th 
circumference  to  the  diameter  of  a  circle  =  3-14159  or  roughly  3t) 
and  the  expression  for  a  single  circle  of  wire  becomes 

If  we  use  a  number  of  such  circles  V)  and  r  stands  for  the  mean 
radius  we  get 

F  =  2  m 


ELECTRICITY  IN  MOTION. 


51 


Nowwe  cannot  obtain  a  single  magnetic  pole,  and  if  we  could  the 
measurement  of  a  force  is  a  very  difficult  matter  to  carry  out  with 
accuracy,  so  that  the  practical  method  of  using  these  principles  is  to 
balance  the  field  of  force  due  to  the  current  at  the  centre  of  a  gal 
vanometer  coil  against  a  field  of  force  obtained  in  some  other  way 
Frequently  the  earth's  field  of  force  is  the  one  chosen,  but  sometimes 
a  stronger  field  is  made  by  the  use  of  a  permanent  ma-net  at- 
tached to  or  placed  near  the  apparatus.  Let  us  consider  the  Action  of 
a  field  of  force  on  a  magnet  suspended  at  its  centre  O  (fig.  8).    Let  the 


7* 

 >  

Fio.  8.-Diagram  of  fields  offeree  and  magnet  in  tangent  galvanometer, 
two  fields  of  force  be  represented  in  magnitude  and  direction  by  lin, 

L;  V",  '"^^""''^  """'"^"^  °f  'he  magnet,  i.e.,  the 

product  of  the  strength  of  poles  into  I  the  length  of  the  magnet. 

an.  e  of  Z  7"'"''  f""'  °'  '""^  ""^g"^''     '  ^e  the 

cutenfn  7™'"'^''  superimposed  field  due  to  the 

current  of  magnitude  O  C  (=  say  K) 

,       „  K  Z  cos  ^  s  =  H  /  sin  6  s  /jV  \ 

where  H  represents  the  magnitude  of  the  field  O  E,  but  h  =  «'and 
disappears  from  the  equations,  therefore 

K  =  H  tan  6.  y 

Now  from  our  definition  of  strength  of  field  K  =  l^^^l!  from 

equation  IH,    (Since  Kg  =  F). 
Hence  finally 

H 

*  ~  tan  6.  ^yj  J 

So  that  if  we  know  the  strength  of'the  field  of  force  when  there  is  no 

E  2 
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current,  the  number  of  turns  and  the  mean  radius  of  the  galvanometer 
coils  we  can  by  equation  VI  convert  readings  of  the  angular  deflection 
of  the  galvanometer  needle  into  current. 

For  instance  suppose  we  have  a  current  i  circulating  in  a  gal- 
vanometer of  one  turn  of  wire  of  lo  centimetres  radius  placed  in  the 
earth's  magnetic  field  in  England  and  the  deflection  of  the  needle  is 
45°  then 

H 

i  =  —  X  lo  X  tan  45°. 

Now  tan  45°  =  i  and  in  England  H  is  about  -18  units. 

1-8 

Hence  i  = 


6f 


nearly  =  -287  absolute  C.G.S.  units  of  current  =  2-87  amperes  {see  §  57)- 


Fig.  g.-Diagram  of  fields  offeree  and  magnet  in  sine  galvanometer. 
There  is  another  arrangement  of  galvanometer  in  which  the  coils 
themselves  turn  about  a  vertical  axis  (fig.  9).  In  this  kind  of  galvano- 
meter the  coils  and  scale  are  turned  until  the  needle  again  points  to 
zero  when  the  current  is  running,  and  the  angle  read  is  that  through 
which  the  coils  have  been  turned.    Equation  V  then  becomes 

K  =  H  sin  6  (VH.) 
as  is  easily  seen,  and  VI  reads 

i  =  —-sini  (VIII.) 
2  »  «r 

^The  former  kind  of  galvanometer  is  z^W^A  ^  tangent  galvanometer. 
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and  is  the  least  trouble  to  use,  but  in  the  latter  or  sine  galvanometer 
the  angular  readings  are  rather  greater  and  in  some  cases  this  com- 
pensates for  the  greater  trouble  in  use. 

51.  Galvanometer  constant  The  factor 

H  r 


2  «  TT 


which  converts  the  galvanometer  readings  into  current 
is  called  the  galvanometer  constant,  and  is  usually 
written  as  one  symbol,  G.  It  is  generally  determined 
for  any  given  galvanometer  once  for  all  by  driving  a 
current  through  the  galvanometer  and  a  voltameter 
(§  133)-  From  the  quantity  of  decomposition  in  the 
voltameter  the  average  current  can  be  arrived  at  with 
great  accuracy,  and  the  galvanometer  constant  can  be 
determined  by  a  comparison  of  this  with  the  galvano- 
meter reading.  It  is  not  usual  to  calculate  the  galvano- 
meter constant  from  the  coil  itself  as  the  mean  radius  is 
not  easily  arrived  at. 

52.  Ammeters  and  volt  meters.— It  is  possible 
to  attach  a  specially  calibrated  scale  to  a  galvanometer 
so  that  the  readings  shall  be  directly  into  current.  A 
galvanometer  that  has  been  caHbrated  in  this  way  is 
caUed  an  Ammeter  (ampere  meter).     Such  galvano- 
meters are  made  for  medical  men  to  read  miUiamperes 
or  thousandths  of  an  ampere  (§  131),  and  often  give 
fairly  accurate  results,  especially  as  it  will  be  seen  from 
equations  VI.  and  VIII.,  that  the  readings  do  not  depend 
on  the  magnetic  moment  of  the  magnet  of  the  galvano- 
meter;  the   cahbration,   however,   should  always  be 
checked  from  time  to  time  by  the  user.    A  galvano- 
meter of  high  resistance,  that  is  to  say  one  of  such 
resistance  that  the  resistance  of  a  battery  is  negligeable 
by  comparison  with  it,  may  be  used  to  compare  the 
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electromotive  forces  of  batteries,  it  is  then  called  a  Volt 
meter. 

53.  Reflecting  galvanometer. — Some  special  forms 
of  ammeters  and  volt  meters  will  be  described  in  a 
future  chapter,  we  may,  however,  here  just  mention  the 
reflecting  galvanometer.  This  is  more  generally  used  as  a 
galvanoscope,  and  is  very  sensitive.  It  is  so  called 
because  the  motions  of  the  magnet  are  made  visible  by 
a  beam  of  light  which  is  reflected  on  to  a  scale  from  a 
small  mirror  attached  to  the  magnet.  By  the  laws  of 
reflection  of  light,  the  angular  deflection  of  the  reflected 
beam  of  light  is  twice  that  of  the  mirror.  The  apparent 
angular  motion  of  the  magnet  is  therefore  doubled,  and 
the  motion  of  the  spot  of  Hght  on  the  scale  can  be 
increased  by  removing  the  scale  to  a  great  distance  from 
the  mirror. 

54.  Unit  of  electromotive  force. — Now  a  current 
is  set  up  in  a  circuit  by  electromotive  force  {see  def.  §  22) ; 
that  is  to  say  the  current  in  any  part  of  a  circuit  is  due 
to  the  difference  of  potential  between  the  ends  of  that 
portion  of  the  circuit.  This  can  be  measured  by  means 
of  an  electrometer.  But  from  the  definition  of  potential 
in  §  25  we  see  that  the  difference  of  potential  between 
any  two  points  A  and  B  is  measured  by  the  work  done 
in  bringing  up  unit  quantity  of  electricity  from  B  to  A 
against  the  electrical  forces  of  the  system  under  con- 
sideration, hence  the  work  given  out  when  unit  quantity 
of  electricity  runs  down  from  A  to  B  under  the  electrical 
forces  of  the  system  is  equal  to  the  difference  of  poten- 
tial between  A  and  B.  Hence,  if  we  write  E  for  this 
difference  of  potential  between  A  and  B,  i.e.,  the 
electromotive  force  from  A  to  B,  we  get  an  expression 

=  W. 

Where  q  stands  for  the  number  of  units  of  electricity 
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run  down  under  electromotive  force,  E  and  W  for  the 
work  done.  But  q  =  Ct  where  C  is  the  current  and  t 
the  time  during  which  we  consider  it  as  running. 
Hence,  we  may  write  ECt  =  W.  So  that  we  may 
define  our  unit  of  electromotive  force  thus  : — In  any 
part  of  a  circuit  carrying  unit  current,  unit  work  is  done 
in  unit  time  when  the  electromotive  force  between  the 
ends  of  that  part  of  the  circuit  is  unit  electromotive  force. 

55.  Resistance. — It  is  soon  found  in  working  with 
currents  that  with  different  amounts  of  wire  in  the 
circuit,  different  currents  are  produced  by  the  same 
electromotive  force.  There  is  another  factor  that  deter- 
mines the  strength  of  current  besides  the  electromotive 
force,  and  this  factor  is  called  the  resistance  of  the  circuit. 
{N.B.  Simple  circuits  and  steady  currents  only  are  here 
considered,  with  variable  currents  it  will  be  found  that 
there  are  yet  other  factors  that  affect  the  matter). 

56.  Ohm's  law — The  law  showing  the  relation 
between  electromotive  force,  resistance  and  current  was 
enunciated  by  Dr.  G.  S.  Ohm  and  is  known  as  Ohm's 
law.  It  is  as  follows  : — The  strength  of  the  current  in  any 
circuit  or  part  of  a  circuit  varies  directly  as  the  electromotive 
force  in  that  circuit  and  inversely  as  the  resistance  of  the  circuit. 
This  may  be  expressed  in  symbols  thus  : — • 

E 

C  =  — . 

R 

Where  C  stands  for  the  current,  E  for  the  electromotive 
force,  and  R  for  the  resistance.  As  before,  in  the  case 
of  other  units,  the  unit  of  resistance  is  taken  as  the 
resistance  which  with  an  electromotive  force  of  unit 
value  allows  unit  current  to  pass.* 

*  The  unit  of  capacity  is  defined  in  the  same  manner  as  it  was  in 
electrostatics,  though  it  is  of  course  a  different  magnitude.  This  is 
scarcely  required  in  medical  work. 
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We  have  now  defined  the  most  important  of  the 
electro-magnetic  units.  As  in  the  case  of  the  electro- 
static units,  these  are  all  ultimately  defined  in  terms  of 
the  units  of  mass,  length  and  time,  and  as  in  all 
electrical  and  other  scientific  calculations  these  are 
taken  to  be  one  gramme,  one  centimetre  and  one 
second  respectively,  the  system  of  units  here  defined 
is  known  as  the  absolute  or  centimetre-gramme-second 
(C.G.S.)  system.  It  is  found,  however,  that  for  practical 
calculation  and  use  these  units  are  not  of  a  convenient 
size,  e.g.,  the  units  of  electromotive  force  and  of  resist- 
ance are  inconveniently  small,  and  that  of  current  is 
inconveniently  large.  A  system  of  units  has  therefore 
been  derived  from  these  as  follows  : — 

57.  Practical  units. — Electromotive  force. — The  prac- 
tical unit  consists  of  one  hundred  million  absolute  units 
(io«)*,  and  is  called  the  Volt.  It  is  a  Httle  less  than  the 
electromotive  force  of  one  Daniell's  cell. 

•  "  Seeing  that  electricians  have  to  deal  with  quantities  requiring 
in  some  cases  very  large  numbers,  and  in  other  cases  very  small 
numbers  to  express  them,  a  system  of  index  notation  is  adopted  in 
order  to  obviate  the  use  of  long  rows  of  cyphers.  In  this 
system  the  significant  ftgures  only  of  a  quantity  are  put  down,  the 
cyphers  at  the  end,  or  (in  the  case  of  a  long  decimal)  at  the  begin- 
ning, being  indicated  by  an  index  written  above.  Accordingly  we 
may  write  a  thousand  (10  X  10  X  10)  as  lo^,  and  the  quantity  42,000 
may  be  written  42  X  lo^.  The  British  National  Debt  of  ;^770,ooo,ooo 
may  be  written  £77  X  lo^.  Fractional  quantities  will  have  nega- 
tive indices  when  written  as  exponents.  Thus  (o-oi,  = 
I  ^  10  ^  10  =  10  — 2  and  so  the  decimal  -00028  will  be  written 
28  X  10 -s,  being  28  x  -ooooi.  The  convenience  of  this  method  will 
be  seen  by  an  example  or  two  on  electricity.  The  electrostatic 
capacity  of  the  earth  is  630,000,000  times  that  of  a  sphere  of  one 
centimetre  radius  =  63  x  lo^  (electrostatic)  units.  The  magnetic 
moment  of  the  earth  is,  according  to  Gauss,  no  less  than 
85,000,000,000,000,000,000,000,000  times  that  of  a  magnet  of  unit 
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Resistance. — One  thousand  million  (lo")  absolute  units 
is  called  the  Ohm.  The  Paris  Congress  of  Electricians 
in  1884  defined  an  unit  of  resistance  to  be  called  a 
"  legal  Ohm."  It  is  represented  by  the  resistance  of  a 
column  of  pure  mercury  at  0°  C,  one  square  millimetre 
in  section,  and  106  centimetres  long,  it  is  less  than  the 
true  ohm  by  about  -3  per  cent.  (§  62). 

Current. — The  current  which  is  given  by  an  electro- 
motive force  of  one  volt  acting  through  a  resistance  of 
one  ohm  [i.e.,  one-tenth  (io~^)  of  an  absolute  unit)  is 
called  one  Ampere  (this  was  formerly  known  as  one 
Weber). 

Quantity. — One  ampere  for  one  second  carries  one 
Coulomb  of  electricity,  i.e.,  lo"^  absolute  imits,  past  any 
point  in  the  circuit.  Another  unit  of  quantity  much 
used  by  engineers  is  the  quantity  of  electricity  which 
would  be  carried  by  one  ampere  in  an  hour.  This  is 
called  an  ampere-hour.    It  is  equal  to  3600  coulombs. 

Capacity  (see  §  30).— That  capacity  which  would  re- 
quire one  coulomb  to  charge  it  to  one  volt,  i.e.,  one 
one-thousand-millionth  (lo-^)  of  the  absolute  unit  of 
capacity,  is  called  one  Farad. 

Even  these  units  are  inconveniently  great  or  small  at 
times,  so  certain  prefixes  are  used  to  the  names  to 
denote  multiples  or  sub-multiples  of  these  quantities. 
Thus,  a  megohm  is  one  miUion  (10")  ohms,  a  micro-volt  is 
strength  and  one  centimetre  in  length,  i.e.,  its  magnetic  moment  is 
85  X  io2i  units.  The  resistance  of  selenium  is  about  40,000,000,000 
or  4  X  iQio  times  as  great  as  that  of  copper:  that  of  air  is  about 
io2  6  or  100,000,000,000,000,000,000,000,000  times  as  great.  The 
velocity  of  light  is  about  30,000,000,000  centimetres  per  second,  or 
3  X  10"  ;  as  a  final  example  we  may  state  that  the  number  of  atoms 
m  the  universe,  as  far  as  the  nearest  fixed  star,  can  be  shown  to  be 
certamly  fewer  than  7  x  io«i."  (S.  P.  Thompson's  "  Lessons  in 
Electricity  and  Magnetism."). 
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one-millionth  (lo"")  of  a  volt,  a  microfarad  one-millionth 
(io~^)  of  a  farad,  a  milliampere  is  one-thousandth  of  an 
ampere ;  this  last  is  the  unit  of  current  used  in  medicine. 

58.  Electrolysis. — In  §  40  it  was  pointed  out  that 
during  the  passage  of  an  electric  current  through  a  bat- 
tery the  liquid,  or  as  we  then  called  it  the  electrolyte,  was 
decomposed,  and  this  decomposition  is  essential  to  the 
passage  of  the  current.    Examining  into  the  decomposi- 
tion more  closely,  it  may  be  looked  on  as  if  it  took  place  as 
follows  : — Owing  to  the  difference  of  potential  set  up  be- 
tween the  plates,  say  of  zinc  and  copper,  the  zinc  plate 
being  positive  attracts  to  itself  the  electronegative  portion 
or  ion  of  the  electrolyte.     In  the  case  of  sulphuric  acid 
(H2SO4)  this  is  the  group  of  atoms  SO4.    At  the  same 
time  the  copper  plate  being  at  the  lower  potential,  and 
therefore  negatively  charged  with  regard  to  the  zinc, 
attracts  the  electropositive  ion,  i.e.,  the  hydrogen,  and 
the  state  of  affairs  may  be  thus  represented, 

Zn  SO,  H3  SO4  H,  SO,  H,  SO,  H,  Cu 
+  —   +  —  +  —   +  —+  —_ 
i.e.,  a  chain  of  molecules  polarized  under  the  influence 
of  the  contact  difference  of  potential  between  copper 
and  zinc.    But  the  ion  SO,  is  capable  of  combining  with 
the  zinc  and  so  neutralising  its  positive  charge,  and  the 
ion      is  set  free  on  the  copper,  thus  neutralising  the 
corresponding  negative  charge  there.    Immediately  of 
course  the  same  action  recurs  owing  to  the  continuously 
acting  contact  electromotive  force  between  copper  and 
zinc.='=    In  this  way  a  continuous  current  is  kept  up, 
*  It  is  fair  here  to  call  attention  to  the  fact  that  this  explanation 
has  been,  and  is  strongly  disputed,  especially  by  Dr.  Lodge,  who 
gives  an  alternative  one  in  the  place  referred  to  above.     Some  lately 
published  researches  by  Dr.  Weeren,  on  the  action  of  acids  on  zinc, 
seem  to  strengthen  the  position  taken  up  by  the  objectors.    (See  note 
in  "  Nature  "  for  July  i6th,  1891,  p.  259). 
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and  a  continual  double  procession  of  the  molecules  of 
the  electrolyte  or  ions  occurs  in  the  liquid  part  of  the 
circuit,  the  electropositive  ion  passing  always  towards 
the  copper  or  positive  pole  of  the  battery  and  the  electro- 
negative ion  towards  the  zinc,  so  that  we  may  regard 
the  copper  plate  as  receiving  positive  electricity  con- 
tinually from  the  electrolyte,  and  passing  it  on  to  the 
circuit.  The  hydrogen  given  off  at  the  copper  plate 
does  not  escape  instantaneously,  and  unless  means  are 
taken  for  removing  it,  it  will  set  up  a  back  or  reverse 
electromotive  force  which  will  greatly  reduce  the  efficient 
electromotive  force  of  the  battery.  The  battery  is  then 
said  to  be  polarized.  Many  methods,  chemical  and  me- 
chanical, have  been  suggested  for  overcoming  this  diffi- 
culty, some  of  which  will  be  described  in  Chapter  V. 

If  the  wires  leading  from  the  terminals  of  a  battery 
are  not  joined  but  are  led  into  another  electrolyte,  an 
action  corresponding  to  that  which  takes  place  in  the 
battery  will  occur.  There  will  be  a  tendency  to  de- 
compose the  electrolyte,  and  if  there  is  sufficient  electro- 
motive force  in  the  circuit  to  overcome  the  reverse 
electromotive  force  of  the  electrolyte,  electro-decompo- 
sition or  electrolysis  will  take  place.  Taking  the  case  of 
water  (in  practice  the  water  is  slightly  acidified  with 
sulphuric  acid  to  increase  its  conductivity)  the  changes 
are  as  follows  : — 

59-  Anode  and  kathode.— Suppose  that  the  poles 
of  the  battery  are  connected  to  two  platinum  plates  in 
the  water.  These  plates  are  called  the  electrodes. 
That  connected  with  the  copper  pole  is  the  one  by 
which  the  current  (considered  as  a  flow  of  positive 
electricity)  enters  the  electrolyte  and  is  called  the  Anode, 
that  connected  with  the  zinc  is  called  the  Kathode,  i.e., 
the  pole  by  which  the  current  leaves  the  solution.  In 
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the  beginning  the  anode  is  positive,  the  kathode  negative. 
The  ions  in  the  case  of  water  are  hydrogen  and  oxygen 
and  the  former  is  electropositive  and  therefore  appears 
at  the  kathode  or  negative  pole  and  is  called  the  hation, 
while  the  oxygen  appears  at  the  anode  and  is  called  the 
anion.  The  arrangement  of  the  molecules  may  be  re- 
presented thus  : — 

To  zinc  pole,  Kathode  H2  O       O       O  Anode,  to  copper  pole.  . 

—+—+—+—+  ' 
If  the  electromotive  force  of  the  battery  is  not  suffi- 
cient to  overcome  the  back  electromotive  force  due  to 
the  chemical  affinity  of  the  oxygen  and  hydrogen  for 
each  other,  matters  will  rest  like  this,  the  electrolytic 
cell  is  polarized,'^-  the  current  is  stopped,  and  no  appre- 
ciable decomposition  or  electrolysis  will  take  place,  but 
if  the  electromotive  force  is  sufficient,  i.e.,  about  2  volts 
or  more,  decomposition  will  proceed,  hydrogen  being 
given  off  at  the  kathode,  and  oxygen  at  the  anode. 

60.  Laws  of  electrolysis.— The  laws  of  electrolysis 
were  discovered  by  Faraday ;  j  they  are  as  follows : — 

a.  The  amount  of  chemical  action  is  equal  at  all  parts  of  a 
circuit.  E.g.  If  a  circuit  is  made  containing  several 
electrolytic  cells,  or  voltameter sX  as  they  are  often  called, 
the  amount  of  decomposition  will  be  the  same  in  each. 
If  they  are  water  voltameters  the  same  amount  of  hy- 
drogen will  be  given  off  in  each,  if  the  electrolyte  is 
copper  sulphate  solution  the  same  amount  of  copper  will 

*  It  is  easy  to  show  that  there  is  an  actual  reverse  electromotive 
force  in  the  electrolytic  cell,  by  suddenly  cutting  out  the  battery  and 
completing  the  circuit  in  which  the  electrolytic  cell  is  included 
through  a  galvanometer,  which  will  then  indicate  a  small  current 
in  the  opposite  direction. 

■f-  "  Experimental  Researches,"  Series  V.  and  VII. 

+  For  an  account  of  Voltameters,  see  §  133  to  135. 
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be  deposited  in  each.  The  same  applies  in  the  case  of 
the  kations.  If  some  of  the  voltameters  contain  water 
and  others  contain  sulphate  of  copper  solution,  the 
quantities  of  hydrogen  and  copper  respectively  will  be 
proportional  to  their  chemical  equivalents. 

b.  The  amount  of  any  ion  liberated  in  any  given  time  is  pro- 
portional to  the  strength  of  the  current,  and  to  the  chemical 

equivalent  of  the  ion. — This  may  be  expressed  thus  :  ■ 

W  =  C  a  ze/  #. 
Where  W  stands  for  the  weight  of  the  ion  liberated,  C 
for  the  current,  w  the  chemical  equivalent  of  the  ion, 
t  the  time  for  which  the  current  runs  and  a  is  a 
constant. 

6i.    Electro-chemical    equivalents  Since  the 

equivalent  w  for  hydrogen  is  unity  we  see  that  a,  is  the 
weight  of  hydrogen  liberated  by  one  ampere  running  for 
one  second,  i.e.,  by  one  coulomb  of  electricity,  and  this 
is  called  the  electro-chemical  equivalent  of  hydrogen. 
For  any  other  ion  the  product  aw,  i.e.,  the  constant 
multiplied  by  the  chemical  equivalent  of  the  ion  is  called 
the  electro-chemical   equivalent  of   that  ion.  The 
electro-chemical  equivalent  of  silver  was  determined 
with  the  most  elaborate  care  by  Lord  Rayleigh  and 
Mrs.  Sidgwick*  in  the  Cavendish  Laboratory  at  Cam- 
bridge and  was  found  to  be  •00111794!  grammes  per 
coulomb,  i.e.,  the  quantity  of  silver  which  one  ampere 
would  deposit  in  an  hour  is  4-0246  grammes.    Now  the 
chemical  equivalent  of  silver  is  the  same  as  its  atomic 
weight  and  was  determined  by  Stas  to  be  107-938. 


*  Roy.  Soc.  "  Phil.  Trans,"  1884,  vol.  ii.,  p.  411. 

t  The  number  -ooiiiS  is  that  recommended  to  be  adopted  in  the 
report  of  the  committee  on  electrical  standards  to  the  Board  of 
Trade,  dated  July  23rd,  1891. 
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Hence  the   electro-chemical   equivalent   of  hydrogen 
will  be  per  coulomb 

•00111794 

 =  1-0357  X  lo^ 

107-938 

62  The  legal  ohm.-Since  in  modern  times  the 
electric  current  has  become  an  article  of  commerce  it 
has  .become  important  to  define  standards  of  electn. 
quantities  accurately  by  law,  and  the  legal  unit  of  re- 
Ltance,  or  U,al  oUn,  was  defined  at  the  P-s  Congress 
as  the  resistance  of  a  column  of  mercury  of  a  certain 
length  and  thickness,  viz.,  1060  miUimetres  in  length 
and  one  square  millimetre  in  section.    This  differs  pro- 
bably by  less  than  one-third  per  cent,  from  the  true 
vllul  of  the  ohm,  viz.,  io«  absolute  units,  and  all  re- 
listances  are  expressed  in  terms  of  it.     Standard  re- 
s i  ance  coils  are  made  with  which  to  compare  unknown 
esistances  just  as  there  are  weights  and  yard  measures 
with  which  to  compare  unknown  weights  and  lengths. 

63   Specific  resistance.-The  electrical  resistance 
of  any  n.aterial  is  a  property  pecuhar  to  that  materia 
•ust  as  its  hardness  or  colour  or  density  is.   Most  metals 
ire  good  conductors  but  they  vary  greatly  among  them- 
3elves  in  their  electrical  conductivity.     Silver  is  the 
best  conductor  of  electricity  and  copper  comes  near  to  it 
Platinum  has  about  6  times,  and  German  silver  about 
dmes  the  resistance  of  silver.     Tables  sho^vlng  the 
eirve    onductivity  of  metals  and  other  bodies  are 

Q  r  Mi^Ws  "  Numerical  i  abies. 
"l"  Slthte  the  specific  resistances  are  given  >n  terms 
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of  the  B.  A.  unit  of  resistance,  which  is  "9893  of  the 
legal  ohm  and  •98655  of  the  true  ohm,  or  lo^  C.G.S. 
units.    The  specific  resistance  of  mercury  is  9*4073  x 
10*  true  ohms. 

The  specific  resistance  of  a  material  is  defined  as  the 
resistance  of  one  cubic  centimetre  of  the  substance  con- 
sidered. 

If  the  specific  resistance  of  a  substance  is  known,  the 
resistance  of  any  wire  or  rod  of  that  substance  can  be 
calculated. 

For  example,  the  specific  resistance  of  a  certain  sample  of  copper 
is  1642  absolute  units  (=  1642  X  lo-^  ohms) ;  it  is  required  to  calcu- 
late the  resistance  of  one  mile  of  wire  of  No.  18  S.W.G.*made  of  this 
copper.  One  mile  may  be  taken  as  1-609315  X  lo^  cm.  The  di- 
ameter of  a  wire  of  No.  18  S.W.G.  is  -048  inch  =  -1219  cm.,  and  the 
sectional  area  is  -0117  sq.  cm.  Hence  the  resistance  in  ohms  will  be 
I '609 

1-642  X           X  10  =  22-5  ohms  about. 

i-iy 

In  general  the  resistance  of  metals  increases  with 
temperature.  That  of  carbon,  however,  decreases  con- 
siderably. An  incandescent  lamp  has,  according  to 
Mr.  J.  E.  H.  Gordon,  nearly  twice  the  resistance  cold 
that  it  possesses  when  hot. 

64.  Resistance  of  an  electrolyte  Just  in  the 

same  way  as  the  resistance  of  a  metal  or  other  solid 
conductor  is  considered,  we  may  speak  of  the  resistance 
of  a  Uquid  or  electrolyte.  There  is  more  difficulty  in 
measuring  this  in  practice  in  consequence  of  the  reverse 
electromotive  force  of  polarisation,  but  if  alternate  cur- 
rents be  used  the  specific  resistance  of  an  electrolyte 
may  be  found,  uncomplicated  by  polarisation  effects. 
The  fact  that  electrolysis  is  taking  place  in  an  electro- 
lyte does  not  prevent  the  consideration  of  its  resistance 
in  the  same  way  as  that  of  a  non-electrolyte.  The 
'  S.W.G.— Standard  Wire  Gauge. 
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specific  resistance  of  water  is  high,  and  the  purer  the 
water  the  higher  it -becomes;  it  would  appear,  according 
to  the  latest  experiments  that  absolutely  pure  water  if  it 
could  be  obtained  would  be  a  perfect  non-conductor. 

65.  Measurement  of  resistance.  -  Ohm's  law  may 
be  applied  to  measure  the  resistance  of  any  given  con- 
ductor, or  rather  to  compare  the  resistances  of  two  con- 
ductors. 


Fig.  10  —Typical  circuit. 


Suppose  that  the  constant  of  the  galvanometer  (§  51) 
is  known,  i.e.,  that  the  current,  passing  through  a  gal- 
vanometer can  be  read  off  from  the  deflection  of  the 
needle,  and  it  is  required  to  find  the  value  of  the  resist- 
tance  R.  Join  up  the  resistance  R  with  the  galvano- 
meter and  battery  as  in  the  figure,  then  since  by  Ohm  s 
law 

E 

C  =  —  and  E  =  Ra  C. 
Re, 

if  C  the  value  of  the  current  is  known  and  also  E  the 
electromotive  force  of  the  battery,  Ro,  the  resistance  o 
the  whole  circuit,  is  known  from  the  equation  But 
this  is  made  up  of  R  the  resistance  to  be  measured,  and 
fthe  resistance  of  the  battery,  and  g  that  of  the  galvano- 
Ltter     Subtracting,  R.  =  R  -  -       E.g.  Suppose  a 
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Daniell's  battery  of  electromotive  force  i-o8  volts  and  re- 
sistance -58  ohms,  and  a  galvanometer  whose  resistance  is 
66-3  ohms  are  used,  and  the  reading  of  the  galvanometer 
is  -006  ampere  (six  milliamperes)  we  get 

i-o8  =  (R  +  -58  +  66-3)  -006 
R  =  180  —  66-88  =  113-12  ohms. 
In  practice,  however,  we  can  never  rely  on  knowing 
the  electromotive  force  or  resistance  of  the  battery  with 
sufficient  accuracy  for  this,  so  the  method  must  be  so 
modified  as  to  eliminate  these.*  Methods  of  doing  this 
are  described  in  "  Practical  Physics  "  by  Glazchvooh  and 
Shaw,  in  the  "Textbooks  of  Science"  series,  or  in 
"Practical  Physics"  Vol.  II.,  by  Balfouv  Stewayt  and  Gee. 

By  obvious  modifications  this  method  may  be  used 
for  the  determination  and  comparison  of  the  resistances 
of  batteries  or  galvanometers,  or  for  the  determination  of 
the  electromotive  force  of  a  battery. 

66.  Network  of  conductors.— Ohm's  law  may  be 
applied  to  any  portion  of  a  circuit,  and  hence  by  its 
help  It  is  possible  to  determine  how  a  cuirent  splits 
Itself  up  m  a  network  of  conductors. 


R2 

Fig.  II. — Divided  circuit. 

Consider  such  a  circuit  as  in  the  figure.  Let  C  be 
the  current  in  the  part  of  the  circuit  outside  B  D,  it  is 
required  to  find  what  portion  is  carried  by  each  wire 

battery'  "'"^"^      '^"'^'"^  """^'''^       resistance  of  a 
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from  B  to  D.  Let  the  resistances  of  the  wires  be  Ri 
R„  and  let  E  be  the  electromotive  force  between  B  and 

D,  and  a;  y,  the  currents  in  the  branches  Ri  R2,  then 
applying  Ohm's  law  to  each  : — 

x=.—,y  =  —,hutx+y  =  C,  the  whole  current, 
Ri  Ra 
EE 

hence  —  =  CandE  =  C  > 

Ri  .  R1  +  R2 

R,  Ri 
.'.x  =  C   ,  and  J/  =  C  — • 

Ri  +  R,  Ri  + 

E.  g.,  let  R,  =  9  ohms,  R.  =  i  ohm,  then  the  effective 
resistance  between  B  and  D  is  =  '9  ohms.  ^  ot 
the  current  passes  the  resistance  Ri,  and  ^  through  the 
resistance  R,.  This  is  the  method  used  to  shunt  a 
galvanometer  so  that  a  certain  fraction  only  ot  the 
current  shall  pass  through  it.  For  instance,  a  galvano- 
meter whose  resistance  is  66  ohms,  will  have  a  shunt 
whose  resistance  is  ySS  ohms  if  it  is  required  to  be 

as  sensitive. 

The  laws  which  regulate  the  division  of  a  current  in  branched 
circuits  were  formulated  by  Kirchoff.  They  can  be  deduced  mathe- 
matically  from  Ohm's  law  and  are  as  follows :— 

a.  In  any  branching  network  of  wires  the  algebraic  sum  of  the 
currents  in  all  the  wires  that  meet  in  a  point  is  zero.  _ 

b  When  there  are  several  electromotive  forces  acting  at  ditterent 
points  of  a  circuit,  the  total  electromotive  force  round  the  circuit  is 
equal  to  the  sum  of  the  resistances  of  its  separate  parts  multiplied 
each  into  the  strength  of  the  current  that  flows  through  it. 

67  Wheatstone's  bridge. -Second  method  of  com- 
paring resistances  (fig.  12).     There  is  a  continuous  fal 
or  slope  of  potential  along  both  paths  from  B  to  D  c^g.,  it 
we  examine  the  electromotive  force  between  C  and  D,  we 
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shall  find  that  it  bears  the  same  proportion  to  the 
electromotive  force  from  B  to  D  that  the  resistance  c 
does  to  the  whole  resistance  from  B  to  D  via  C,  viz.,  a~\-c. 
If  now  we  choose  a  point  A  in  BAD,  so  that  the  resist- 
ance X  from  A  to  D  is  to  the  whole  resistance  from  B 


Fig.  12. — Divided  circuit. 

to  D  via  A  in  the  same  proportion  as  c  is  to  a  -f  c, 
the  potential  at  C  and  A  will  be  the  same ;  and  if  w;e 
join  C  A  by  a  wire  through  a  galvanometer,  there  will 


Fin.  13.— Wheatstone's  Bridge. 

be  no  current  through  the  galvanometer.  Such  an 
arrangement  is  known  as  a  Wheatstone's  bridge  or 
balance  and  is  diagrammatically  represented  as  in  the 
figure  (fig.  13).  Uah  c  xsixe  the  resistances  of  the  vari- 
ous branches  as  drawn,  when  there  is  no  current  in  the 

F  2 
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galvanometer,  we  have  the  relation  a:  b  =  c :  x,  and  if 
any  three  of  the  resistances  are  known,  the  fourth  can 
be  calculated  from  this  proportion.  This  is  the  most 
generally  useful  and  convenient  method  of  determining 
a  resistance,  and  a  set  of  resistance  coils  is  sold  by 
instrument  makers  in  the  most  convenient  form  for  this 


Fig.  14.— Wheatstone's  Bridge.    Measurement  of  resistance. 

purpose.  This  is  known  as  a  post-office  box.  A 
diagram  of  it  is  shewn  in  fig.  14,  and  a  drawmg  of  it 


Fig   15.— Resistance  box. 

in  fig.  15.  The  resistance  to  be  tested  is  joined 
the  binding  screws  at  C  and  D,  the  battery  is  joined 
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the  screws  at  B  and  D,  and  the  galvanometer  to  those 
at  A  and  C.    By  taking  out  the  proper  plugs  in  the  arms, 
BA,  BC,  these  may  be  made  equal  in  resistance,  in 
which  case,  to  get  a  balance,  the  resistance  plugs  that 
are  taken  out  in  the  arm  AD,  will  give  the  resistance 
of  the  coil  to  be  tested.    Or  BA  may  be  made  lo  or 
100  times  BC,  in  which  case  the  readings  on  AD 
divided  by  lo  or  loo  as  the  case  may  be,  will  be  equal 
to  that  in  the  coil  to  be  tested,  so  that  by  this  artifice 
it  is  possible,  though  not  using  any  resistance  coil  of 
less  than  one  ohm,  to  find  the  resistance  of  the  wire  to 
be  tested  correct  to  3^  of  an  ohm.    For  further  details 
as  to  the  use  of  this  instrument,  the  various  forms  it 
takes,  the  precautions  in  working  with  it,  and  for  a 
description  of  the  coils  and  the  way  they  are  wound  and 
adjusted,  reference  must  be  made  to  the  above  men- 
tioned books,  or  to  Kempe's  "  Handbook  of  Electrical 
Testing,"   or  any  modern   text-book    of  electricity. 
Methods  also  will  be  found  described  of  adjusting  the 
Wheatstone's  bridge  arrangement  to  find  the  iuternal 
resistance  of  the  battery,  or  the  resistance  of  the 
galvanometer. 

68.  Current  sheets.    Current  density  When  a 

current  is  led  into  a  large  conductor  the  lines  of  flow 
spread  out  through  the  conductor  in  a  manner  some- 
what similar  to  the  spreading  of  the  magnetic  lines  of 
force.  They  all  of  course  pass  from  the  anode  to  the 
kathode,  but  they  spread  out  into  sheets  in  doing  so.  The 
current  which  passes  across  unit  of  sectional  area,  taken 
at  right  angles  to  the  lines  of  flow  at  any  point,  may  be 
called  the  density  of  the  current  at  that  point.  In  the 
case  of  a  current  in  a  wire  conductor  we  consider  the 
whole  current  since  the  whole  sectional  area  of  the  wire 
IS  taken  into  account,  but  with  currents  flowing  in  large 
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and  heterogeneous  conductors  like  the  human  body,  or 
even  in  electrolytes  where  the  density  of  the  current 
may  vary  from  point  to  point,  it  is  necessary  in  order  to 
estimate  the  effect  at  any  point,  to  take  into  considera- 
tion the  density  at  that  point  rather  than  the  whole 
current.    For  the  physiological  effects  are  largely  de- 
pendent on  the  density,  that  is  the  ratio  of  current  to 
sectional  area,  just  as  in  a  wire,  the  heating  effect  is, 
other  things  being  equal,  proportional  to  the  square  of 
this  ratio.     For  example,  in  a  wire  of  variable  diameter 
the  heating  effect  will  be  far  greater  in  the  thinner  parts 
of  the  wire,  where  the  density  of  the  current  may  be 
said  to  be  greater,  though  the  actual  current  in  all  parts 
is  the  same.    In  a  conductor  such  as  the  human  body, 
some  of  the  lines  of  flow  of  the  current  will  leave  any 
muscle  or  nerve  quite  near  the  electrode  by  which  they 
enter,  and  will  pass  to  the  other  electrode  through  the 
other  tissues.    This  gives  rise  at  times  to  a  series  of 
virtual  electrodes  along  the  course  of  a  nerve  which 
may  be  of  some  importance.    (See  Chap.  VII.). 

69.  Internal  resistance  of  batteries.  Arrange- 
ment of  batteries. -In  arranging  a  battery  to  give 
the  best  effect  in  any  given  case  regard  must  be  had  to 
its  internal  resistance.  It  is  impossible  to  give  any  exact 
figures  as  to  the  internal  resistance  of  various  batteries, 
but  a  rough  indication  will  be  found  in  Chap.  V.  That 
of  a  Daniell's  cell  should  not  much  exceed  one  ohm, 
a  "  Sawdust"  Daniell  {i.e.,  a  Daniell's  cell  packed  with 
sawdust  to  prevent  spilling  of  the  liquid,  a  very  con- 
venient form  of  battery  for  testing  purposes)  may  have 
ten  or  more  ohms,  a  Leclanche  cell  may  have  a  re- 
sistance of  from  one  to  five  ohms.     Some  idea  of  the 
resistance  of  any  particular  cell  may  be  obtained  by 
such  a  measurement  as  that  in  §  65.    Anyhow  it  is 
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of  the  utmost  importance  to  have  some  knowledge  of 
the  resistance  of  the  battery  in  order  to  know  whether 
for  any  purpose  it  is  best  to  arrange  the  cells  that 
are  to  hand  in  series  (fig.  16)  or  in  parallel  (fig.  17). 

Fig.  16. — Six  cells  arranged  in  series. 


Fig.  17. — Six  cells  arranged  in  parallel. 

TJie  general  guiding  principle  is  as  follows : — For  any 
given  number  of  cells  the  maximum  current  is  obtained 
when  the  batteries  are  so  arranged  that  the  internal 
and  external  resistances  are  equal.  Thus,  if  a  cautery 
of  low  resistance  is  to  be  heated,  it  is  useless  to  use 
a  number  of  batteries  of  high  internal  resistance  in 
series.  Suppose  the  resistance  of  a  cautery  is  •!  ohm 
and  the  batteries  to  hand  are  ten  bichromate  cells  of 
1-5  volts  each  and  one  ohm  internal  resistance  each,  and 
suppose  that  the  cautery  requires  five  amperes  to  heat 
it.  If  the  cells  are  coupled  up  in  series  the  electro- 
motive force  will  be  sixteen  volts,  but  the  internal 
resistance  of  the  ten  cells  is  ten  ohms  and  the  total 
resistance  is  lo-i  ohms,  and  this  will  give  a  current 
of  1-58  amperes,  but  if  they  are  coupled  in  parallel, 
the  battery  resistance  will  be  reduced  to  -i  ohm,  and  the 
total  resistance  will  be  but  -2  ohm  in  the  whole  circuit. 
True  the  electromotive  force  will  be  only  i-6  volts,  but 
by  Ohm's  law  (§  56)  the  current  in  this  case  will  be  eight 
amperes.  In  the  former  case  the  cautery  would  not  be 
heated,  in  the  latter  we  should  have  enough  current 
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and  to  spare.  Vice  versa,  it  is  futile  to  arrange  batteries 
in  parallel  when  a  current  has  to  be  passed  through  a 
high  resistance,  such  as  the  human  body,  a  resistance 
of  at  least  looo  ohms,  compared  with  which  the  internal 
resistance  of  sixty  Leclanche  cells  in  series  is  small. 

Taking  the  electron^otive  force  and  internal  resistance 
of  the  cells  as  before,  it  will  be  useful  to  give  illustra- 
tions of  the  results  of  coupling  up  six  cells  in  different 
ways.  If  in  series  (fig.  i6)  the  electromotive  force  is 
g-6  volts,  and  the  internal  resistance  is  six  ohms,  hence 
the  maximum  current  that  could  be  obtained  would  not 
much  exceed  i'5  amperes.  In  a  series  of  three,  each  of 
two  set  in  parallel  (fig.  i8),  the  total  internal  resistance 


Fig.  i8. — Six  cells  arranged  in  a  series  of  three  pairs. 


will  be  1-5  ohms,  and  the  electromotive  force  4-8  volts, 
and  it  would  be  possible  to  take  a  current  of  over  three 
amperes  from  it.  In  a  series  of  two  sets  of  three  each 
in  parallel  (fig.  19)  we  should  get  an  internal  resistance 

+  

Fig.  19. — Six  cells  arranged  in  a  series  of  two  triples. 

of  -66  ohms,  and  an  electromotive  force  of  3-2  volts, 
which  could  give  over  4-5  amperes.  Finally,  with  all  in 
parallel  (fig.  17)  there  is  an  internal  resistance  of  -166 
ohms  and  an  electromotive  force  of  i-6  volts,  so  giving 
a  maximum  current  of  nearly  ten  amperes.  The  above 
calculations  all  suppose  the  battery  to  be  short  circuited, 
and  therefore  doing  no  external  useful  work  ;  they  also 


ELECTRICITY  IN  MOTION. 


73 


leave  out  all  consideration  of  polarisation  (§  40).  From 
the  accompanying  table  in  which  the  current  obtained 
from  each  arrangement  of  the  cells  for  an  external  re- 
sistance of  -2,  I,  2,  5,  and  1000  ohms  is  tabulated,  it  will 
be  seen  that  in  each  column  the  largest  current  is  obtained 
when  the  external  resistance  is  most  nearly  equal  to  the 
internal  resistance  of  the  battery ;  while  in  the  case  of 
the  large  resistance  of  1000  ohms  the  internal  resistance 
of  each  combination  is  negligeable,  the  current  being 
almost  exactly  proportional  to  the  electromotive  force. 


'Case. 

Internal 
resistance. 

Electromotive 
force. 

External  resistance  in  ohms. 

•2 

I  2 

5  1000. 

I 

6  ohms. 

g"6  volts. 

I '5 

I'4  I*2 

•87  •oog5  amp. 

2 

1-5 

4-8  „ 

2-8 

i-g  1-4 

74  -0048  „ 

3 

•666  „ 

3-2  „ 

37 

2-0  1-2 

•57  -0032  „ 

4 

•166  „ 

1-6  „ 

4J4 

1-4  074 

•31  -0016  „ 

70.  Heating  effects.-It  was  pointed  out  in  §  54  that  there  is  a 
relation  between  the  electromotive  force  in  a  circuit  and  the  current 
and  the  work  done  in  the  circuit  which  was  expressed  by  the  follow- 
ing relation  C  ^  =  W.  Where  E  stands  for  the  electromotive 
torce,  C  for  the  current,  t  for  the  time  considered  and  W  for  the  work 
done  Let  us  now  write  P  for  power  or  rate  of  doing  work  in  this 
equation  then  provided  t  is  small  enough  P  ^  =  W  and  the  equation 
becomes  E  C  =  P.  If  E  and  C  are  measured  in  absolute  electro- 
magnetic units  P  will  be  measured  in  ergs  per  second. 

The£r^  ,s  the  absolute  C.G.S.  unit  of  work,  the  work  done  by 
one  dyne  acting  through  one  centimetre.  The  attraction  of  gravity  is 
about  981  dynes  on  every  gramme,  consequently,  to  raise  one 
g8i  e'Tg^"'  ^S^inst  gravity  requires  an  expenditure  of 

But  il  we  measure  E  and  C  in  volts  and  amperes,  W  will  be  given 
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in  a  unit  which  is  equal  to  ioT  ergs  per  second  and  is  called  a 
watt. 

One  watt  for  one  second  will  do  lo^  absolute  units,  ergs,  of 
work  and  this  amount  is  called  one  joule.  A  watt  is  not  necessarily 
an  electrical  quantity,  but  is  a  rate  of  doing  work  like  a  "  horse  power." 
The  rate  of  working,  viz.,  the  product  of  electromotive  force  into  cur- 
rent, in  an  incandescent  lamp  is  generally  expressed  in  watts.  A 
good  lamp  should  require  about  four  watts  per  candle  power. 

By  Ohm's  law  the  above  equation  may  be  expressed  in  several  dif- 
■'  E 
ferent  ways.   Thus  substituting  the  value  of  C  from  the  equation  C  =  — 

we  get  —  =  P  or  again  we  may  substitute  the  value  of  E  from  the 

same  equation  and  so  get  R  =  P.  We  have  therefore  these  three 
expressions  for  the  rate  of  expenditure  of  energy  by  a  current  in  a 
conductor.  In  any  simple  wire  conductor  this  work  appears  as  heat. 
We  are  consequently  able  to  calculate  the  rate  at  which  heat  is 
generated  in  the  conductor  and  if  we  know  its  specific  heat  and  the 
rate  at  which  it  loses  heat  at  its  surface  we  can  calculate  the  tem- 
perature after  the  current  has  passed  for  any  given  time. 

Consider  a  conductor  of  resistance  R,  carrying  a  current  L-,  we 
have  Rf  =  W ;  where  t  is  the  time.  But  W  =  J  H  where  H  stands 
for  the  heat  developed,  measured  in  calories,  and  J  is  the  mechanical 
equivalent  of  heat  which  may  be  expressed  in  ergs  if  we  are  usmg 
absolute  C.G.S.  units,  or  in  joules,  if  we  are  using  practical  units 
(volts  and  amperes,  &c.).  j 
Hence  C^R  i  =  J  H.     Now  let  m  be  the  mass  of  the  conductor 

and  s  its  specific  heat ;  then 

H  =  s  m  ( 

where  ^  stands  for  the  rise  in  temperature  in  degrees  centigrade. 
Substituting  ^  ^ 

C2  R  f  =  J  s  J»  ^  or  ^  =  

J  s  m 

To  fix  our  ideas  let  us  consider  the  example  given  in  §  69.  We 
had  a  platinum  wire  cautery  of  resistance  -i  ohm,  let  us  suppose  it  to 
have  a  diameter  of -25  mm.,  and  a  length  of  5-5  cm  ;  such  a  w  re 
will  have  a  resistance  of  about  -x  ohm  and  a  mass  of  -056  grammes 
The  specific  heat  of  platinum  is  -035.  The  mechanical  equivalent  of 
Lat  s  4  2  X  10^  ergs  but  one  joule  is  xo^  ergs.    Hence  J  in  joules 


ELECTRICITY  IN  MOTION. 


75 


is  4-2.     If  t  is  one  second  we  get  the  following  equation  for  the  rise 

of  temperature  per  second,  omitting  the  loss  from  radiation. 

C2  X  -I  =  4-2  X  -035  X  -056  X  f. 

If  now  C  is  5  amperes 

25  X  -I                     2-5  ^  „  , 

^  _  ,  =  X  10*  =  303°  C  per  second. 

4-2  X  -035  X  -056     4-2  X  3'5  X  5'6 

The  wire  then  should  begin  to  glow  in  about  2  or  3  seconds  and  if 
there  were  no  loss  by  radiation  it  should  melt  in  six  or  seven  seconds. 
However,  had  we  coupled  the  cells  in  series  instead  of  in  parallel  the 
current  would  have  been  but  1-58  amperes  and  the  rise  in  tempera- 
ture per  second,  exclusive  of  loss  would  have  been  but  30°  C. 

Note  on  joule's  equivalent.— Fiohahly  one  of  the  most  remarkable 
advances  that  science  has  made  in  the  nineteenth  century  is  the 
proof  that  heat  and  energy  are  convertible.  We  owe  this  addition  to 
our  knowledge  to  the  labours  of  many  great  scientific  men  from 
Benjamin  Thomson,  Count  Rumford,  down,  but  to  James  Prescott 
Joule  belongs  the  credit  of  having  determined  by  an  exhaustive  and 
beautiful  series  of  experiments,  carried  out  with  the  utmost  care,  the 
numerical  relation  that  exists  between  heat  and  energy.  He  showed 
that  if  775'47  foot  pounds  of  work  as  done  at  Manchester  were  com- 
pletely converted  into  heat,  it  would  suffice  to  raise  the  temperature 
of  one  pound  of  water  by  one  degree  Fahrenheit.  This  number  con- 
verted into  C.G.S.  units  and  degrees  centigrade  gives  4"i75  X  id''  ergs 
as  the  quantity  of  work  that  must  be  done  to  raise  the  temperature  of 
one  gramme  of  water  by  one  degree  centigrade.  The  quantity  of 
heat  required  to  do  this  is  defined  as  the  unit  of  heat  and  is  called 
one  gramme  degree  or  one  calorie  or  one  therm.  Hence  41  "75  million 
units  of  work  are  equivalent  to  one  calorie. 

71.  Electro-magnetic  induction. — Let  us  consider 
a  coil  of  wire  the  ends  of  which  are  connected  through  a 
galvanometer.  If  a  magnet  be  made  to  approach  such 
a  coil  the  galvanometer  will  indicate  a  current  so  long 
as  the  magnet  is  approaching.  As  soon  as  the  magnet 
stops  approaching,  the  current  also  ceases.  If  now  the 
magnet  be  removed  the  galvanometer  will  indicate  a 
current  in  the  opposite  direction.  If  the  coil  is  made  to 
approach  and  recede  from  a  magnetic  pole  the  same 
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effects  will  be  produced.  In  §  46  it  was  shown  how  a 
magnetic  field  might  be  mapped  similarly  to  the  electric 
field  described  in  §  36.  A  httle  consideration  of  the 
last  experiment  will  show  that  the  approach  of  the 
magnet  to  a  coil  means  the  increase  of  the  number  of 
magnetic  lines  of  force  which  pass  through  the  coil,  and 
that  when  the  magnet  is  moved  away  the  number  of 
lines  of  force  through  the  coil,  or  in  other  words  the 
strength  of  field  in  the  interior  of  the  coil  diminishes. 
This  effect  of  a  varying  magnetic  field  on  a  coil  of  wire 
placed  in  it  is  known  as  electro -magnetic  induction.  It  was 
discovered  and  investigated  by  Faraday  and  the  ac- 
count of  his  experiments  is  contained  in  his  "  Experi- 
mental Researches." 

72.  Laws  of  electro-magnetic  induction.  Lenz's 
law. — Before  proceeding  to  discuss  these  effects  further 
it  may  be  well  to  specify  and  clear  up  our  ideas  as  to 
direction  of  currents  and  fields  of  force.  Let  us  con- 
sider a  coil  of  wire  in  the  plane  of  the  paper  with  a 
current  circulating  in  it  counter-clockwise  in  the  direc- 


FiG.  20. — Electromagnetic  induction. 

tion  of  the  arrow  (Fig.  20).  The  magnetic  field  of  force 
at  the  centre  of  the  circle  due  to  this  current  ^vill  be  at 
right  angles  to  the  paper  and  by  our  convention  as  to 
signs,  since  according  to  Oersted's  law  (§  41)  a  north- 
seeking  pole  will  be  pushed  upwards  from  the  paper,  the 
magnetic  lines  of  force  are  directed  upwards  from  the 
paper.  The  circle  of  wire  acts  like  a  magnetic  disc, 
the  upper  side  of  which  is  N  and  the  lower  S.  Indeed 
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if  such  a  circuit  be  suspended  freely  it  will  set  itself  in 
the  earth's  magnetic  field  so  that  the  upper  side  faces 
towards  the  North.  Now  suppose  there  is  no  current 
in  the  wire  and  it  is  placed  in  a  magnetic  field  similar 
to  that  created  by  the  current  that  we  have  described, 
then  as  the  field  increases  the  current  induced  in  the  wire 
would  be  in  the  opposite  sense  to  the  current  that 
creates  such  a  field,  viz.,  in  the  present  case  it  would  be 
clockwise,  and  as  the  field  decreases  it  would  be  in  the 
same  sense,  viz.,  counter-clockwise.  This  may  be  for- 
mulated once  for  all  by  saying  that  the  induced  current 
is  such  that  the  field  it  would  set  up  tends  to  neu- 
traHze  the  change  in  field  that  is  causing  it.  (Lenz's 
law).* 

Obviously  more  coils  than  one  may  be  arranged  to  be 
acted  on  together  and  the  same  rule  holds  good,  so  that 
if  we  increase  a  magnetic  field  which  is  such  that  it  is 
positive  from  below  upwards,  the  induced  current  will 
flow  clockwise  and  therefore  downwards  through  a 
right  handed  helix  and  vice  versa.  It  is  clear  that  since 
the  induced  current  depends  on  the  variation  of  the 
magnetic  field  in  which  the  coil  is  placed,  and  on  this 
alone,  it  matters  nothing  whether  the  field  is  caused  to 
vary  by  moving  a  magnet  or  by  making  and  unmaking  a 
magnet  by  any  means  or  by  varying  a  current  in  another 
neighbouring  circuit.  It  will  be  easily  seen  that  when  a 
clock-wise  current  is  made  in  an  inducing  circuit  (called 

•  These  facts  enable  us  to  understand  the  rapid  damping  of  the 
oscillations  of  a  magnet  or  a  galvanometer  needle  enclosed  in  a  mass 
of  conducting  metal,  for  as  the  N  pole  of  the  magnet  approaches 
each  fresh  part  of  the  metal  eddy  currents  are  induced  in  it  of  such  a 
nature  that  the  field  they  set  up  tends  to  repel  the  magnet  and  as  it 
recedes  the  reverse  occurs.  Hence  the  swing  of  the  magnet  is 
checked  at  both  times  and  it  is  rapidly  brought  to  rest. 
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a  primary  circuit),  the  current  in  the  circuit  that  is  being 
acted  on  (called  the  secondary  circuit)  is  counter  clock-wise, 
but  that  when  the  current  in  the  primary  is  broken,  that 
in  the  secondary  is  clock- wise,  i.e.,  when  the  current  m 
the  primary  is  made  the  induced  current  in  the  secondary 
is  in  the  opposite  direction,  but  when  it  is  broken  the 
induced  current  is  in  the  same  direction. 

73.  Induced  electromotive  force.— In  order  to 
arrive  at  the  magnitude  of  the  induced  current  we  must 
consider  that  by  Ohm's  law  this  depends  on  two  quan- 
tities, the  electromotive  force  in  the  circuit  and  the 
resistance  of  the  wire.    This  latter  is  constant  smce  it 
depends  only  on  the  wire.     The  electromotive  force 
alone  varies.     Its  direction  we  have  sufficiently  con- 
sidered, its  magnitude  is  determined  by  the  following 
law  -—The  total  induced  electromotive  force  m  any 
closed  circuit  is  proportional  to  the  rate  of  change  of  the 
number  of  lines  of  force  through  the  space  enclosed  by 
the  circuit ;  the  "  lines  of  force"  being  measured  accord- 
ing to  the  convention  made  in  discussing  electrostatic 
Hues  of  induction  (§  36).':- 

If  we  are  concerned  with  the  induction  between  two 
circuits,  the  number  of  lines  of  force,  or  in  other  words, 
the  strength  of  the  magnetic  field  produced  by  a  current 
in  a  circuit  is  proportional  to  the  current  in  that  circuit. 
Hence  in  this  case  the  law  may  run  "  the  induced  electro- 
motive  force  in  any  closed  secondary  circuit  is  proportional  to 
the  rate  of  change  of  current  in  the  primary  arcuit." 

74.  coefficient  of  mutual  iuduction.-Let  us  write  E,  for  the 
•  Let  N  be  the  number  of  lines  of  force  passing  through  a  circuit, 
then  in  the  notation  of  the  differential  calculus  the  law  becomes 
E=M  — where  Mis  some  constant  depending  on  the  geometry  of 
dt 

the  circuit. 
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electromotive  force  in  the  secondary  circuit,  and  let  Cp  stand  for  the 
current  in  the  primary.  Let  us  indicate  the  rate  of  change  of  any 
quantity  by  writing  its  symbol  with  a  dot  over  it,  thus  Cp  will  stand 
for  the  rate  of  change  of  Cp,  and  our  law  will  be  expressed  in  symbols 
thus 

Es=MCp. 

Where  M  is  a  constant  quantity  depending  on  the  geometrical 
relations  of  the  two  circuits.  M  is  called  the  Coefficient  of  Mutual 
Induction  and  depends  on  the  product  of  the  number  of  turns  in  the 
two  circuits  and  on  their  position  with  regard  to  each  other,  it  is 
greatest  for  two  given  circuits  when  the  secondary  is  so  placed  as  to 
completely  enclose  the  primary.  M,  the  coefficient  of  mutual  in- 
duction, will  of  course  be  increased  by  any  means  that  increases  the 
number  of  lines  of  force  through  the  primary  circuit  for  any  given 
current. 

Since  the  magnetic  permeability  of  soft  iron  is  very- 
great,  compared  with  that  of  air,  an  obvious  method  of 
increasing  the  number  of  Hues  of  force  is  to  place  a  soft 
iron  core  through  the  primary.  This,  however,  has  the 
drawback  that  owing  to  the  sluggishness  with  which 
the  iron  becomes  magnetised  the  secondary  current  is 
somewhat  retarded  behind  the  primary. 

75-  Self  induction. — Since  a  current  passing  in  a 
circuit  sets  up  a  magnetic  field  of  force  in  the  interior  of 
that  circuit  we  should  expect  to  find  indications  of  the 
inducing  action  of  this  field  of  force  on  the  circuit  itself. 
In  fact  we  do  see  such  indications  in  the  appearance 
of  a  spark  whenever  a  circuit  containing  an  electro- 
magnet or  a  large  helix  is  broken.  This  action  of  an 
increasing  or  decreasing  current  on  its  own  circuit  is 
frequently  spoken  of  as  the  extra  current,  but  more  cor- 
rectly as  an  action  of  self  indtiction. 

There  is  no  essential  difference  between  the  action  of  a  variable 
current  on  its  own  circuit  and  on  another,  so  that  the  self  induction 
follows  the  same  laws  as  mutual  induction  and  we  may  write 

E'  =  — LC. 
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Where  E'  is  the  electromotive  force  in  the  circuit  due  to  self  in 
duction  and  L  is  the  coefficient  of  self  induction,  a  constant  belonging 
to  the  circuit,  while  C  as  before  stands  for  the  rate  of  change  of  the 
current.  The  negative  sign  is  affixed  because  when  the  current  is 
increasing  the  induced  electromotive  force  tends  to  reduce  it  and 
vice  versd.    Ohm's  law  then  becomes  for  a  variable  current 

E=CR-LC. 

The  coefficients  of  mutual  and  self  induction  depend  on  the  number 
of  turns  in  the  primary  circuit  considered,  they  may  therefore  be 
written  with  this  number  explicitly  expressed  thus,  instead  of  M  or 
L  we  may  write  hM'  or  jjL'  when  n  is  the  number  of  turns,  and  M' 
and  L'  are  the  true  coefficients  divided  by  the  number  of  turns. 
The  equation  for  the  electromotive  force  may  then  be  written 

dC  rfCp 

E  =  CR  —  wL'—  or  Es  =  7jM'  . 

dt  dt 

We  may  divide  then  in  each  case  by  the  resistance  of  the  circuits 
.considered,  and  if  the  whole  current  that  passes  is  required,  we  may 
integrate  with  regard  to  the  time. 

wL'C  MM'Cp 

Thus,  q^f^Cdt  and  Qg  =  ,  when  t  stands  for  the 

°  R  R 

whole  time  of  variation  of  the  current,  and  therefore  Q  is  the  total 
number  of  units  of  electricity  that  have  passed  measured  in  coulombs 
if  the  current  is  expressed  in  amperes.  The  factor  nC  is  here  the 
important  one,  and  is  the  product  of  the  steady  current  into  the 
number  of  turns,  and  may  be  expressed  by  one  number  which  we 
call  the  "  ampere  turns"  of  the  circuit  or  primary  circuit  considered. 
Now  from  these  equations  we  see  that  since  n  is  a  number,  the  ratios 
L/R  and  M/R  are  of  the  dimensions  of  a  time,  and  in  fact,  the  ratio 
L/R  is  called  the  "  time  constant"  for  any  circuit,  and  on  it  the  time 
required  to  get  up  a  steady  current  in  a  circuit  depends. 

The  self  induction  current  in  a  wire  has  often  been 
compared  to  the  inertia  of  a  fly-wheel  or  of  a  current  of 
water  in  a  pipe  such  as  is  utilized  in  the  case  of  the 
hydrauhc  ram,  and  the  analogy  is  a  very  useful  one  and 
gives  a  very  clear  notion  of  its  effects. 

Methods  of  comparing  coefficients  of  mutual  induction 
and  coefficients  of  self  induction  with  each  other  or  co- 


ELECTRICITY  IN  MOTION.  gt 

efficients  of  self  induction  with  those  of  mutual  induc- 
tion will  be  found  in  Maxwell's  "  Electricity  and  Mag- 
netism," Vol.  II.,  Chap.  XVII.,  or  in  Balfour  Stewart 
and  "  Practical  Physics,"  Vol,  II.,  Lessons  Ixxiii. 
to  Ixxv. 

76.  Induction  coil — We  are  now  in  a  position  to 
examine  the  Induction  Coil  or  "  RuhmkorfF"  coil  as  it 
is  often  called.  This  is  the  instrument  which  is  gener- 
ally used  at  present  for  producing  the  so-called  Faradic 
currents  ;  a  Faradic  current  being  essentially  a  current 
of  high  electromotive  force  more  or  less  rapidly  inter- 
rupted and  made  again.*  Such  a  current  might  he 
produced  by  a  sufficient  number  of  batteries  and  a 
mechanical  interrupter,  but  it  is  much  more  easily  pro- 
duced by  such  an  appliance  as  is  named  above. 

Reduced  to  its  simplest  terms  the  Ruhmkorff  coil  con- 
sists of  a  short  primary  coil,  of  few  turns  of  thick  wire 
wound  on  an  iron  core  (to  increase  the  number  of  lines 
of  force  through  it)  with  a  long  secondary  coil  of  very 
many  turns  of  well-insulated  thin  wire,  wound  round 
it  and  an  arrangement  for  automatically  making  and 
breaking  the  circuit.    In  small  coils  this  usually  con- 
sists of  a  spring  with  an  armature  opposite  the  end  of 
the  iron  core  of  the  coil  which  presses  against  a  platinum 
button  and  so  completes  the  circuit ;  when  the  current 
passes  the  armature  is  at  once  attracted  by  the  now 
magnetic  core  away  from  the  button  and  the  circuit  is 
broken,  only  for  the  spring  which  is  now  freed  from  the 
attraction  of  the  core  to  fly  back  and  remake  the 
primary  circuit.    Consequently  with  every  make  of  the 
current  in  the  primary  circuit  there  is  an  electromotive 

There  is  really  an  alternate  current  in  every  secondary  circuit 
but  as  will  be  seen  a  Ruhmkorff  coil  is  so  arranged  as  to  minimise 
the  current  at  "  make  "  and  to  leave  that  at  break  the  important  one. 
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force  in  the  secondary  circuit  in  the  opposite  sense  to 
the  current  in  the  primary  and  with  every  break  an 
electromotive  force  in  the  same  sense  as  in  the  primary. 
The  primary  circuit  however  has  considerable  self  induc- 
tion of  its  own  and  the  effect  of  this  is  to  make  the  rise 
of  current  in  the  primary  circuit  more  gradual  than  the 
fall,  hence  the  electromotive  force  in  the  secondary  is 
greater  at  the  break  than  at  the  make.    This  difference 
is  much  increased  by  connecting  a  condenser  (§  32)  with 
the  ends  of  the  primary  coil.    The  effect  of  this  is  two- 
fold, in  the  first  place  it  makes  the  break  of  the  circuit 
more  sudden  by  reducing  the  spark  of  self  induction 
current  that  leaps  across  the  gap  in  the  primary  at  break 
and  secondly  it  becomes  charged  by  this  "extra"  cur- 
rent in  such  a  sense  that  at  make  again  the  charge  of 
the  condenser  tends  to  still  further  retard  the  rise  of  the 
primary  current.    Thus  the  currents  at  make  in  the 
secondary  circuit  being  only  caused  by  a  low  electro- 
motive force  are  small  and  negligeable,*  while  those  at 
break  are  produced  with  a  high  enough  electromotive 
force  to  spark  through  a  considerable  air  gap. 

It  should  be  noticed  also  that  these  are  in  the  same 
sense  as  the  current  in  the  primary. 

The  iron  core  is  usually  made  of  a  bundle  of  soft  iron 
wires  insulated  from  each  other  to  avoid  loss  of  power 
by  the  induction  of  eddy  currents  in  the  core. 

In  coils  for  medical  use  it  is  usual  to  arrange  some 
means  of  varying  the  co-efficient  of  mutual  induction  of 
the  circuits  so  that  the  electromotive  force  in  the  secon- 
dary may  be  varied  without  altering  the  current  in  the 
primary.  There  are  several  ways  of  doing  this.  Some- 
times the  whole  primary  is  made  to  slide  in  and  out  of 
*  The  total  quantity  of  e'.ectricity  is,  however,  the  same  at  both 
make  and  break. 
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the  secondary  or  vice  versa,  or  sometimes  the  core  alone 
is  made  to  move  in  this  way.  Ansth.-^r  method  is  to 
have  a  metal  tube  to  slide  over  the  core  and  so  shield 
the  secondary  from  the  influence  of  the  primary.  For 
a  more  full  account  of  the  induction  coil,  see  §  119, 
Chap.  V. 

77.  Magneto  machine — A  few  years  ago  a  differ- 
ent form  of  so-called  Faradic  machine  was  commonly 
used.  This  was  what  would  be  now  called  a  small 
magneto  machine  without  a  commutator. 

The  usual  form  consisted  of  a  horse-shoe  magnet  with 
two  soft  iron  rods  wound  with  coils  of  fine  wire  mounted 
on  a  spindle  to  turn  in  front  of  the  poles  of  the  magnet  so 
that  the  ends  of  the  rods  should  be  presented  alternately 
to  each  pole  of  the  magnet  as  the  spindle  was  made  to 
revolve.    The  coils  were  connected  in  series  and  the 
free    ends    were   attached   to   metallic   rings  on  the 
spindle  so  that  the  induced  currents  could  be  led  off 
through  springs  or  brushes  rubbing  on  the  rings.  The 
spindle  carrying  the  coils  was  made  to  revolve  at  a  high 
speed  by  means  of  a  handle  and  some  sort  of  gearing. 
Then  as  the  iron  rods  approached  the  poles  of  the 
magnet  an  electromotive  force  in  one  direction  would 
be  induced  in  the  coils  and  as  they  receded  from  the 
magnet  an  electromotive  force  in  the  opposite  direction 
would  be  induced,  the  currents  led  off  to  the  electrodes 
would  therefore  be  alternating  and  the  electromotive 
force  would  depend  on  the  speed  of  rotation  of  the 
spindle.     There  was  generally  a  moveable  soft  iron 
armature  attached  to  the  magnet,  by  shifting  the  posi- 

The  explanation  of  the  reason  that  a  metal  plate  placed  near  the 
primary  and  not  necessarily  between  it  and  the  secondary  shields  the 
secondary  was  given  by  Sir  W.  Thomson  in  a  Friday  evenin-  lec- 
ture at  the  Royal  Institution. 
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tion  of  which  the  number  of  Unes  of  force  free  to  go 
through  the  coils  and  consequently  the  electromotive 
force  in  the  coils  for  a  given  speed  could  be  varied. 

The  above  described  machine  may  be  looked  upon  as 
a  very  primitive  and  badly  designed  form  of  dynamo, 
but  since  the  magnetic  field  in  which  the  armature  re- 
volves is  given  by  a  permanent  magnet  it  is  more 
usually  called  a  magneto  machine  and  the  term  dynamo 
is  appHed  only  to  those  machines  in  which  the  magnetic 
field  is  made  by  an  electro-magnet.  It  would  take  up 
too  much  space  and  be  out  of  place  to  give  an  account 
of  any  of  the  numberless  forms  of  dynamo  here.  We 
must  therefore  be  content  to  refer  the  student  to  such 
works  as  S.  P.  Thompson's  "Dynamo  Electric  Ma- 
chinery" in  which  a  full  account  will  be  found  of  all  the 
chief  types  of  dynamo  that  are  now  in  use. 

78.  Practical  note.— In  concluding  this  short  ac- 
count of  the  electric  current  we  would  remind  the  reader 
that  there  are  few  things  so  difficult  to  follow  in  all 
their  vagaries  as  the  connexions  of  electrical  apparatus. 
Probably  at  first  he  will  find  the  greatest  difficulty  m 
making  the  simplest  piece  of  apparatus  work.     But  he 
need  not  therefore  jump  to  the  conclusion  that  the 
battery  or  galvanometer  or  instrument  that  he  is  using 
is  out  of  order,  and  that  the  instrument  maker  need  be 
sent  for  to  put  it  right.    The  connexions  should  first  be 
examined  and  in  all  probability  the  fault  ^vill  be  found 
there      It  is  a  very  good  thing  to  draw  a  diagrammatic 
plan  of  these  and  so  check,  them  off  and  make  certain 
that  all  wires  are  connected  up  in  the  intended  way._  It 
is  of  course  understood  that  the  values  of  the  various 
electromotive  forces  and  resistances  in  the  circuit  have 
been  so  arranged  as  to  give  the  required  effect  (§  69). 
If  things  will  not  go  right  then,  the  resistances  and 
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electromotive  forces  of  the  batteries  should  be  taken  and 
it  will  be  quite  time  enough  to  apply  to  the  instrument 
maker  when  something  has  been  found  to  be  wrong 
with  these.  A  little  intelligence  in  the  application  of 
theory  will  often  save  much  cost  and  trouble  in  practice. 
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CHAPTER  IV. 

Statical  Electricity.     Description  of  Apparatus. 

Historical.  Description  of  instruments.  Ramsden's  machine. 
Holtz  machine.  Voss'  machine.  Wimshurst's  machine. 
Carre's  machine.  Professor  Lewandowslci's  machine.  Con- 
ductors. The  Leyden  jar.  Modes  of  application.  The  dry 
electric  bath.  Effects  of  a  positive  charge.  Treatment  by 
sparks.  Treatment  by  shocks.  The  brush  discharge.  Static 
Induction. 

79.  Historical. — In  the  early  applications  of  electri- 
city to  medicine  the  statical  apparatus  was  the  only 
form  used  because  it  was  the  only  one  known.  For  many 
years  after  the  discoveries  of  Galvani  and  Volta  statical 
electricity  still  remained  in  exclusive  possession  of  the 
field  of  electro-therapeutics.  The  number  of  accessories 
required,  the  expense  and  cumbersomeness  of  the 
machines,  and  the  unpleasant  shocks  employed  as  the 
chief  mode  of  its  administration  have  prevented  its  fre- 
quent use  in  the  treatment  of  disease  ;  but  no  electrical 
department  of  a  hospital  would  be  complete  unless  it 
Avere  provided  with  an  apparatus  for  the  treatment  of 
patients  by  statical  electricity. 

As  has  been  mentioned  in  a  former  chapter,  Jalla- 
hert  in  France  (1748)  was  one  of  the  first  to  apply 
statical  electricity  to  medicine.  He  was  followed  in 
1749  by  the  AhVe  Nollet.  In  1745,  Haen  in  Germany 
published  a  number  of  cases  of  spasmodic,  paralytic 
and  other  nervous  affections  cured  by  electricity. 
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In  1758,  Benjamin  Franklin  relates  that  in  conse- 
quence of  the  cures  reported  to  have  been  made  in  Italy 
and  Germany,  a  number  of  paralytics  were  brought  to 
hiin  for  treatment  from  different  parts  of  Pennsylvania 
and  the  neighbouring  provinces. 

In  1759,  John  Wesley,  the  great  divine,  collected  and 
pubHshed  in  a  book  called  "  The  Desideratum,"  the 
details  of  a  vast  number  of  cases  treated  by  electricity. 
Among  them  he  mentions  that  electricity  accelerates  the 
passage  of  calculi  through  the  ureters.  He  also  relieved 
tertian  and  quartan  fevers,  and  hysteria. 

In  1773  and  1778  Manduyt  published  two  works  on 
statical  electricity. 

In  1777  Cavallo  published  in  London  a  complete 
treatise  on  electricity  in  theory  and  practice,  with  ori- 
ginal experiments. 

In  the  next  year  there  appeared  the  thesis  "  Electri- 
citate  et  Operatione,"''  by  Dr.  Robert  Steavenson  of 
Newcastle,  which  has  been  already  alluded  to. 

In  1783  Wilkinson  also  wrote  upon  the  subject. 
Then  came  the  long  lists  of  cases  in  the  Guy's  Hospital 
Reports  treated  by  frictional  electricity  by  Addison 
(1837),  G aiding  Bird  (1841  and  1847)  and  by  Sir  William 
Gull  (1852-3) ;  and  later  by  Dr.  Radcliffe  in  the  National 
Epileptic  Hospital. 

More  recently  (1873),  Dr.  ArtJmis  of  Paris  has  revived 
the  treatment  by  statical  electricity  and  has  pubHshed  a 
book  on  its  use  in  nervous  and  rheumatic  affections. 
This  application  of  electricity  has  been  greatly  used  by 
Professor  Charcot  and  his  pupil  Dr.  Vigoiivoux  at  the 
Salpetriere ;  and  recently  in  this  country  attention  has 
been  paid  to  the  subject  by  Dr.  Tibbits  and  by  Dr. 
McClure. 

*  Reprinted  by  Messrs.  J.  and  A.  Churchill  in  1884. 
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80.  Description  of  instruments.— The  first  form 
of  electrical  machine  was  a  large  sulphur  ball  which 
was  excited  by  one  hand  as  it  was  revolved  by  the  other. 
It  was  made  by  Otto  von  Gtiericke  of  Magdeburg  in  1672. 
Subsequently  resin  was  used  and  then  a  glass  cylinder, 
instead  of  the  sulphur  ball.  In  1 740  Winckler  excited 
the  glass  by  means  of  horse-hair  cushions  covered  with 
silk  instead  of  the  hands. 

81.  Ramsden's  machine.* — In  1760,  Ramsden 
substituted  a  circular  glass  plate  for  the  cylinder, 
and  his  apparatus  is  still  in  common  use.  In  the 
Ramsden  machine  electrical  separation  is  produced 
by  the  friction  of  the  glass  disc  between  two  sets  of 


Fig.  21. — Ramsden's  machine. 


amalgamated  rubbers.  The  glass  plate  is  fixed  on  an 
axle  and  made  to  revolve  by  means  of  a  handle,  and  the 
rubbers  adjusted  by  screws  are  made  to  press  lightly 
against  it.  The  glass  is  found  to  be  positively  electri- 
fied and  the  rubbers  negatively.    The  rubbers,  however, 

•  See  note  §  14. 
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are  kept  at  zero  potential  by  an  earth  connection,  usu- 
ally a  metal  chain.  Partially  encircling  the  glass  disc 
are  two  brass  rods  one  on  either  side  provided  with  a 
series  of  sharp  points  on  the  surfaces  opposite  the  glass. 
These  brass  rods  are  connected  with  two  large  metallic 
cylinders  which  are  called  the  prime  conductors.  The 
prime  conductors  are  supported  on  rods  of  glass  covered 
with  shellac  varnish,  and  are  united  by  a  smaller  brass 
rod.  In  the  language  of  the  two  fluid  hypothesis, 
when  the  machine  is  at  work  the  positive  electricity  on 
the  glass  disc  decomposes  by  induction  the  neutral 
electricity  of  the  prime  conductor.  The  induced  nega- 
tive electricity  is  discharged  by  the  sharp  points  or 
combs  on  to  the  glass  disc,  and  so  neutralizes  its  positive 
charge,  leaving  the  prime  conductor  positively  charged. 
If  the  finger  be  now  approached  to  the  prime  conductor, 
a  spark  passes  to  it  and  the  conductor  is  discharged,  to 
be  again  charged  as  the  machine  is  worked. 

82.  Influence  machines. — In  most  modern  ma- 
chines induction  is  more  directly  utiHzed  and  on  this 
account  they  are  often  known  as  influence  or  induction 
machines.  In  1865  Holtz  of  Berlin,  invented  a  machine 
which,  when  charged  from  an  electrophorus  would  con- 
tmue  to  produce  electrical  separation  by  induction. 
This  form  of  machine  proved  to  be  much  more  powerful 
than  the  best  frictional  machines.  About  the  same 
time  a  similar  machine  to  that  of  Holtz  was  invented  by 
Toepler. 

83.  Holtz  machine.— The  best  known  form  of  the 
Holtz  machine  (fig.  22)  consists  of  two  glass  plates, 
A  B,  one  having  a  diameter  larger  by  two  inches  than 
the  other.  The  larger  plate  is  fixed  but  the  smaller  one 
is  made  to  rotate  very  rapidly  by  means  of  a  cord  and 
pulley,  its  axle  passing  through  a  hole  in  the  centre  of 
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the  larger  plate.  The  plates  are  quite  close  together' 
but  do  not  touch.  In  the  fixed  plate  are  two  windows, 
a,  h,  diametrically  opposite  to  each  other.  Two  pieces 
of  paper  called  "  field  plates  "  are  glued  on  to  the  fixed 
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plate,  one  above  the  window  on  the  left  side  and  one 
below  the  window  on  the  right.    They  are  on  the  surface 
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of  the  plate  away  from  the  revolving  one.  A  tongue  from 
each  of  these  pieces  of  paper,  protrudes  through  each 
aperture  and  nearly  touches  the  revolving  plate.  The 
plate  is  rotated  in  an  opposite  direction  to  that  in  which 
the  tongues  point.  Near  the  outside  of  the  revolving 
plate  are  two  brass  combs,  g,  i,  supported  by  two  brass 
rods  with  knobs,  /,  forming  the  prime  conductor.  Two 
smaller  brass  rods,  with  ebonite  handles,  and  two  small 
brass  balls  act  as  electrodes  and  slide  through  the 
knobs  at  their  other  ends.  These  smaller  balls  can  be 
approximated  and  withdrawn  from  each  other  by  means 
of  thfe  handles  and  in  that  way  the  length  of  spark  can 
be  regulated.  The  rod  ^  V  is  called  the  neutralising  rod 
and  is  said  to  make  the  machine  less  likely  to  reverse. 
Before  starting  the  machine  one  of  the  field  plates  must 
be  charged  from  an  electrophorus.  The  moveable  plate 
is  then  rotated  rapidly  and  a  series  of  sparks  will  pass 
between  the  electrodes.  The  electromotive  force  of  a 
Holtz  machine  is  said  to  be  nearly  equal  to  52,000  volts 
and  the  resistance  equal  to  2,810  megohms  when  the 
moveable  plate  is  rotated  120  times  a  minute,  and  equal 
to  646  megohms  when  the  rotations  are  450  a  minute. 

84.  Subsequently  a  self-exciting  machine  was  invented, 
known  as  the  Voss  machine.  It  is  still  the  favourite 
in  Germany,  although  in  England  Wimshurst's  machine 
is  preferred.  It  is  somewhat  similar  to  the  Holtz  and 
it  is  said  to  act  well  in  all  weathers.  This  is  not  quite 
correct  for  the  English  climate,  but  still  it  is  less  easily 
affected  by  the  weather  than  are  the  frictional  or  com- 
bined frictional  and  induction  machines.  The  discharge 
from  even  the  smallest  Voss  has  been  compared  to  that 
obtained  from  a  powerful  induction  coil  and  battery. 
The  labour  required  for  revolving  the  plate  is  light,  but 
like  many  of  these  induction  machines  it  has  the  ob- 
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jection  that  the  poles  are  apt  to  reverse  when  the 
electrodes  of  the  machine  are  separated  beyond  sparking 
distance. 

85.  The  Wimshurst  machine. — The  Wimshurst 
self-exciting  machine  is  an  improvement  on  the  Voss  in 
that  it  is  more  readily  excited,  and  will  work  in  almost 
any  weather.  It  is  also  claimed  for  it  that  its  polarity 
will  not  reverse  even  when  the  poles  are  separated  be- 
yond sparking  distance.*  It  consists  of  two  circular 
glass  discs  (or  any  even  number  up  to  twelve), 
mounted  upon  a  fixed  horizontal  spindle  in  such  a  way 
that  they  rotate  in  opposite  directions  at  a  distance 
apart  of  not  more  than  one-eighth  of  an  inch.  Each 
disc  is  attached  to  the  end  of  a  hollow  boss  of  wood,  or 
of  ebonite,  upon  which  is  turned  a  small  pulley.  This 
is  driven  by  a  cord  or  belt  from  a  larger  pulley,  of  which 
there  are  two  attached  to  a  spindle  below  the  machine, 
and  which  is  rotated  by  a  winch  handle,  the  difference 
in  the  direction  of  rotation  being  obtained  by  crossing 
one  of  the  belts. 

Both  discs  are  well  varnished,  and  attached  to  the 
outer  surface  of  each  there  are  radial  sector-shaped 
plates  of  tin-foil  disposed  around  the  discs  at  equal 
angular  distances. 

The  two  sectors  situated  on  the  same  diameter  of 
each  disc  are  twice  in  each  revolution  momentarily 
placed  in  metallic  connection  with  one  another  by  a 
pair  of  fine  wire  brushes  attached  to  the  ends  of  a  curved 
rod,  supported  at  the  middle  of  its  length  by  one  of  the 
projecting  ends  of  the  fixed  spindle  upon  which  the 
discs  rotate,  the  sector-shaped  plates  just  grazing  the 
tips  of  the  brushes  as  they  pass  them. 

The  position  of  the  two  pairs  of  brushes  with  respect 
*  Gray  "  Electrical  Influence  Machines,"  159. 
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to  the  fixed  collecting  combs  and  to  one  another  is  vari- 
able, as  each  pair  is  capable  of  being  rotated  on  the 
spindle  through  a  certain  angle  ;  and  there  is,  as  in  the 
case  of  the  collecting  commutator  brushes  of  a  dynamo, 
one  position  of  maximum  efi&ciency.  This  position  in 
the  machine  appears  to  be  when  the  brushes  touch  the 
discs  on  diameters  situated  about  45°  from  the  collecting 
com  OS,  and  90°  from  one  another. 

The  fixed  conductors  consist  of  two  forks  furnished 
with  collecting  combs  directed  towards  one  another,  and 
towards  the  two  discs  which  rotate  between  them,  the 
position  of  the  two  forks,  which  are  supported  on  ebon- 
ite pillars,  or  in  the  latest  pattern  on  Leyden  jars, 
being  along  the  horizontal  diameter  of  the  disc.  To 
these  collecting  combs  are  attached  the  terminal  elec- 
trodes whose  distances  apart  can  be  varied. 

The  presence  of  these  collecting  combs  appears  to 
play  no  part  in  the  action  of  the  apparatus  except  to 
convey  the  electric  charge  to  what  may  be  termed  the 
external  circuit,  for  the  inductive  action  of  the  machine 
is  quite  as  rapid  and  as  powerful  when  both  collectors 
are  removed  and  nothing  is  left  but  the  two  rotating 
discs  and  their  respective  contact  or  neutralising 
brushes,  the  whole  apparatus  bristling  with  electricity 
and  if  viewed  in  the  dark  presents  a  most  beautiful 
appearance,  being  literally  bathed  with  luminous  brush 
discharges. 

With  a  machine  having  plates  17  in.  diameter  and 
of  the  newest  design  (fig.  23)  having  two  or  four  Leyden 
jars  as  shown  in  the  drawing,  there  is  produced  under 
ordinary  atmospheric  conditions  a  powerful  spark  dis- 
charge between  the  electrodes,  even  when  they  are 
separated  by  a  distance  of  4  or  5  inches,  and  these 
discharges  take  place  in  regular  succession  at  every 
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two  and  a  half  turns  of  the  handle.  The  machine  is 
very  efficient  and  perfectly  self-exciting,  provided  there 
are  sufficient  sectors,  generally  requiring  neither  friction 
nor  any  outside  electrification  to  start  it,  and  this 
is  one  of  the  most  remarkable  features  of  the  ap- 
paratus, for  under  ordinary  conditions  the  machine 
works  at  its  full  power  after  the  second  or  third  revo- 
lution of  the  handle.     It  has  been  suggested  that  this 


Fig.  23. — Wimshurst  machine. 

initial  charge  is  obtained  from  the  friction  of  the  air, 
and  that  chiefly  between  the  plates,  but  nothing  certain 
is  known  about  it.  Whether,  however,  the  initial 
charge  be  derived  from  air  friction  or  not,  its  generation 
is  a  point  of  very  great  theoretical  interest,  especially 
in  the  remarkable  experiment  referred  to,  in  which  both 
conductors  are  removed  and  most  brilliant  electrical 
effects  are  produced  when  the  apparatus  consists  simply 
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of  two  discs  rotating  in  opposite  directions,  with  no 
fixed  conductors  except  the  light  conducting  brushes.''' 

When  the  glass  plates  are  very  large  they  are  apt  to 
split.  This  is  a  very  serious  matter,  as  they  are  costly, 
so  a  modification  of  the  Wimshurst  machine  has  been 
made  with  ebonite  plates  which  are  said  to  be  far 
superior  to  glass  in  all  respects,  give  a  much  more 
powerful  current  of  electricity  and  are  not  liable  to 
breakage  during  transit  or  use  and  can  be  safely  driven 
at  a  very  high  speed.  There  is,  however,  a  grave  ob- 
jection to  the  use  of  ebonite  as  it  gradually  deteriorates 
on  the  surface  and  loses  its  insulating  properties. 

86.  Carre's  machine. — An  apparatus  now  com- 
monly used  for  medical  purposes,  is  Carre's  machine, 
which  is  a  combination  of  a  frictional  and  an  induction 
machine.  It  is  very  good  and  works  well  in  the  winter 
but  is  much  more  difficult  to  excite  than  a  Voss  or 
Wimshurst  machine.  Carre's  machine  consists  essenti- 
ally of  a  revolving  ebonite  disc  and  a  glass  disc  friction- 
ally  excited  which  acts  as  a  field  plate  and  supplies  the 
initial  charge  which  is  multiplied  by  the  revolving 
ebonite  disc.  Referring  to  the  figure  it  is  seen  that 
when  the  handle  is  turned  it  rotates  the  glass  disc 
which  is  mounted  on  the  same  axle  between  the  rubbers 
this  being  positively  excited  acts  inductively  across 
the  ebonite  disc  on  the  collecting  comb  E  which  dis- 
charges negative  electricity  on  to  the  ebonite  disc  and 
at  the  same  time  it,  and  the  conducting  arm  in  con- 
nection with  it  become  positively  charged.  In  the 
meantime  the  ebonite  disc  which  is  caused  to  rotate  at 

•  The  above  is  an  abridged  description  of  the  machine  which  ap- 
peared in  "  Engineering,"  January,  1883.  A  full  account  of  induc- 
tion machines  will  be  found  in  a  little  book  by  Mr.  J.  Gray,  entitled, 
"  Electrical  Influence  Machines." 
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a  high  speed  carries  its  negative  charge  round  to  the 
collecting  comb  F  which  is  connected  to  the  prime  con- 
ductor. This  then  becomes  negatively  charged  and  by 
the  action  of  the  points  on  the  combs  E,  F  the  negative 
charge  on  the  disc  is  neutralized.  This  action  is  con- 
tinuous and  after  a  few  turns  of  the  handle  sparks  can 


Fig.  24. — Carre's  machine. 

be  drawn  or  Ley  den  jars  charged  from  the  prime  con- 
ductor. The  action  of  the  machine  is  helped  by  placing 
a  glass  plate  close  in  front  of  the  ebonite  disc  between 
the  combs  E  and  F.  Probably  this  merely  prevents  the 
dissipation  of  the  negative  charge  as  it  is  carried  round 
from  E  to  F.  The  rubbers  must  of  course  be  connected 
to  earth. 
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Before  use  every  part  of  the  machine  should  be  tho- 
roughly dry  and  warm.  If  the  machine  does  not  work 
well  the  plates  should  be  rubbed  with  a  dry  silk  hand- 
kerchief and  the  cushions  warmed  before  the  fire.  Care 
should  be  taken  that  there  are  no  sharp  points  or  angles 
near  the  machine  to  discharge  the  prime  conductor 
(cf.  §  29).  The  atmosphere  should  be  dry  and  in  this 
country  it  is  best  to  place  the  machine  near  a  fire  or 
stove. 

The  machines  work  best  in  dry  frosty  weather.  The 
qualities  ascribed  to  electrical  machines  by  continental 
writers  are  often  not  found  to  be  possessed  by  them 
when  worked  in  this  country.  The  atmosphere  in  Eng- 
land is  usually  so  charged  with  moisture  that  the  con- 
ditions under  which  these  machines  are  worked  here 
are  so  entirely  different  that  they  have  to  be  tried 
before  any  opinion  can  be  formed  as  to  their  merits. 

87.  Lewandowski's  machine.— Recently  an  influ- 
ence machine  has  been   brought   out   by  Professor 
Lewandowski  of  Vienna,  on   the   same  principle  as 
Clarke's  well  known  electric  gas  lighter.     The  action 
takes  place  inside  a  closed  cylinder  of  ebonite  and  is 
therefore  not  so  easily  affected  by  the  weather,  but  the 
supports  of  the  conductors  are  of  course  as  subject  to 
atmospheric  influences   as  those  of  other  machines, 
bhould  this  machine  maintain  its  character  for  not  re- 
versing easily,  it  is  Hkely  to  become  very  useful  and  to 
be  frequently  employed  on  account  of  its  certainty  as  a 
generator     As,  however,  it  is  made  of  vulcanite  it  is 
liable  to  deterioration  from  surface  decomposition  of  the 
material. 

The  two  vertical  iron  supports  a  a,  and  b  b,  ffiff.  2k) 
are  screwed  to  a  wooden  frame  Ra  Ra,  and  joined  to- 
gether at  the  top  by  the  vulcanite  rod  ab.     These  two 
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uprights  support  three  axles  ef  and  which  are 
parallel  to  each  other.    The  axle  ef  is  fixed  and  made  of 


Fig.  25— Lewandowski's  machine. 

steel.  Upon  this  axle  are  two  tubes  of  wkanite  to 
whtch  are  attached  the  drum-like  cyhnders  T  7,,  the 
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ends  of  the  tubes  constitute  the  two  pulleys  r  (figs. 
25  and  26).  The  drum-like  cylinders  are  in  the  centre, 
one  within  the  other,  T  and  T^.  The  pulley  is  con- 
nected with  the  internal  drum  and  the  pulley  r  with  the 
external  one  in  such  a  manner  that  they  rotate  in  oppo- 
site ways. 


Fig.  26.-Lewandowski's  machine.    Section  through  the  ebonite  cylinders. 

The  two  lower  axles  W„  each  carry  a  large  pulley 
i?  and  These  pulleys  are  respectively  united  by 

means  of  endless  straps  to  the  superior  pulleys  r  r^. 
The  axle  W,  is  provided  with  a  handle  K  and  a  toothed 
wheel  which  rotates  W,.  When  turned  the  two  drums 
revolve  m  opposite  directions  on  account  of  the  action 
of  the  toothed  wheel.  The  frame  Ra  Ra,  also  carries 
two  uprights  the  lower  parts  of  which  are  made  of  glass 
and  the  upper  of  metal;  these  terminate  in  metallic 
knobs  m  n.  In  the  middle  of  these  supports  are  two 
other  knobs  Sk  Sk,  each  with  a  collecting  comb  in  close 
proximity  to  the  external  drum,  and  on  opposite  sides  of 
It.  The  fixed  steel  axle  ef  carries  a  vertical  metal  rod 
mside  the  inner  drum.  Through  the  knobs  m  n  the  con- 
ductors ^1      can  be  moved  to  and  fro  in  a  horizontal 
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direction.  To  excite  the  machine  it  is  necessary  when 
the  knobs  of  the  conductors  are  in  contact,  to  turn 

the  handle  K  and  at  the  same  time  to  touch  the  external 
drum  with  an  electrically  excited  body  midway  between 
the  two  collecting  combs  Sk  Sk^. 


Fig.  27.— Lewandowski's  machine  in  use. 

Fig.  26  shows  the  spindle  ./  and  the  drums  enlarged. 
Fi-  27  represents  the  machine  in  use.  The  cap  K  is 
provided  with  points.  There  are  several  other  acces^ 
series  on  the  table  including  two  Leyden  jars.  ihe 
patient's  chair  is  placed  on  a  platform  J  insulated  by 


STATICAL  ELECTRICITY. 


lOI 


four  porcelain  feet  F  F.  The  insulated  cords  4  con- 
nect the  collecting  combs  Sk  Sk-^  with  the  platform  ^ 
and  with  the  electrodes. 

88.   Conductors. — The  means   of  connecting  the 
patient  to  the  electrical  machine  is  of  some  importance 
especially  in  this  country  where  the  air  is  usually  so 
charged  with  moisture  which  readily  condenses  on  the 
insulator.    It  has  been  found  that  a  metallic  chain  offers 
so  many  irregularities  and  points  that  it  tends  to  the 
dissipation  of  the  charge  ;   and  flexible  insulated  cords 
composed  of  metaUic  threads  twisted  round  a  cotton 
core,  as  used  with  galvanic  and  faradic  apparatus  also 
bristle  with  points.     The  chain  is  a  very  useful  con- 
ductor for  connecting  the  rubbers  to  earth  and  is  usu- 
ally used  for  that  purpose,  but  the  charge  which  we 
wish  to  communicate  to  the  patient  can  be  best  con- 
veyed by  a  smooth  metalhc  tube  having  a  hook  at  one 
end  to  connect  it  with  a  loop  on  the  prime  conductor, 
and  turned  into  a  handle  at  the  other  end  for  the  patient 
to  grasp.    It  is  also  found  best  to  let  the  patient  take 
hold  of  the  handle  and  not  to  let  it  simply  rest  on  the 
nsulated  couch  or  stool  as  is  often  done. 

89.  The  Leyden  jar — The  Leyden  jar  (fig.  5,  p.  36) 
was  discovered  in  1749.  It  consists  of  a  glass  jar  with 
rather  more  than  the  lower  half  covered  both  inside  and 
out  by  tin-foil.  It  is  closed  with  a  stopper  pierced  by 
a  brass  rod  which  ends  in  a  knob  two  or  three  inches 
above  the  top  of  the  jar  and  on  the  inside  there  is  a 
chain  attached  which  makes  metallic  connection  with 
the  inner  lining  of  tin-foil.  The  jar  is  charged  by  con- 
necting the  inner  coating  with  the  prime  conductor  of 
the  machine  and  the  outer  coating  to  earth,  or,  in  the 
case  of  an  influence  machine,  to  the  other  electrode. 
The  inner  coating  is  thus  raised  to  the  potential  of  the 
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prime  conductor  while  the  outer  is  at  zero  potential. 
In  consequence  of  the  large  capacity  of  the  jar  (§  30 
and  32)  a  considerable  charge  is  required  to  effect  this. 
To  discharge  the  jar  it  is  necessary  to  bring  by  a  con- 
ductor the  external  coating  into  metallic  proximity  with 
the  internal  one,  viz.,  within  sparking  distance.  A 
bright  flash  is  seen  and  a  slight  report  heard  as  the  jar 
is  discharged.  The  instrument  used  to  discharge  a 
Leyden  jar  is  called  a  discharger  (fig.  28)  and  consists  of 


Fig.  28  —Discharger. 

two  curved  pieces  of  stout  brass  wire  hinged  together, 
each  section  being  provided  with  a  glass  handle.  By 
this  means  a  Leyden  jar  can  be  discharged  either  directly 
or  through  a  patient  without  the  operator  receiving  a 

shock.  ■■    •  •  ^  ■ 

There  are  other  instruments  used  for  administering 

statical  electricity  that  are  called  Exciters.    They  are 


Fig.  29. — Excitor. 

of  different  shapes  and  sizes  according  to  the  effect  it  is 
wished  to  produce.  The  most  simple  and  frequently 
used  is  a  small  brass  rod  ending  in  a  brass  ball  (fig  29) 
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and  having  a  glass  handle.  On  the  brass  just  before  its 
junction  with  the  handle  is  a  ring  or  loop  to  which  is 
attached  a  brass  chain  or  metallic  insulated  cord.  The 
brass  chain  can  be  allowed  to  touch  the  ground  or  can 
be  attached  to  one  of  the  conductors  of  the  statical 
machine  according  to  circumstances.  It  is  also  neces- 
sary to  have  a  ring  or  crook  (fig.  30)  with  an  insulated 


handle,  or  a  glass  rod,  by  which  the  metallic  chain  can 
be  kept  from  coming  too  close  to  the  operator. 

90.  Modes  of  application.— The  methods  of  appli- 
cation of  statical  electricity  are  the  same  now  as  they 
were  when  Dr.  Steavenson  of  Newcastle-on-Tyne  wrote 
on  Medical  Electricity  in  1778  and  are  fully  described 
in  his  book  referred  to  above. 

91.  The  dry  bath. — The  patient  may  be  treated  by 
insulation,  or  the  so-called  dry  electric  bath.  This  is 
carried  out  by  placing  the  patient,  who  may  be  fully 
dressed,  on  an  insulated  couch  or  chair  and  connecting 
him  either  by  metallic  rod  or  chain  to  the  conductor 
of  a  frictional  machine.  The  machine  is  then  set  in 
motion  and  the  patient  is  charged  either  with  positive 
or  negative  electricity  according  to  his  condition  and 
requirements.  Equilibrium  is  then  allowed  slowly  to 
re-establish  itself  through  the  atmosphere.  As  soon  as 
the  machine  is  set  in  motion,  the  patient  feels  in  a 
curious  nervous  condition  difficult  to  describe.  His 
hair  feels  inclined  to  stand  on  end  and  on  his  face 


Fig.  30  — Insulated  supports. 
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he  feels  a  slight  sensation  as  if  lightly  touched  by 
gossamer.  Perspiration  is  induced  and  all  the  natural 
secretions  of  the  body  are  encouraged  and  increased. 
The  dry  electric  bath  is  given  for  varying  lengths  of 
time.  In  the  practice  of  different  physicians  it  has 
ranged  from  lo  minutes  to  three  or  four  hours.  When 
continued  for  the  more  lengthened  periods  the  patient 


Fig.  31.— Dry  Electric  Bath. 


has  to  be  recharged  from  time  to  time  by  a  few  addi- 
tional turns  of  the  machine.  It  is  probable  that  from 
half  an  hour  to  an  hour  is  the  best  time  to  keep  the  pa- 
tient under  the  influence  of  the  charge.  The  dry  elec- 
tric bath  should  be  repeated  daily  for  the  first  week  or 
ten  days,  then  every  other  day  or  occasionally  as  the 
condition  of  the  patient  requires.  At  the  Salpetriere 
in  Paris,  where  this  treatment  is  much  in  vogue,  insulat- 
ing couches  are  used  large  enough  to  hold  many  patients 
at  once.  They  are  charged  from  huge  Wimshurst 
machines  driven  by  gas  engines.  See  Dr.  Maclnre's 
little  book  "  Statical  Electricity  in  Medicine." 

02.  Effects  of  the  positive  charge.— The  positive 
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charge  has  been  found  useful  in  general  debilitated  con- 
ditions of  the  system,  such  as  old  age,  debility  during 
convalescence  from  acute  illnesses,  after  confinement  or 
excessive  lactation,  general  prostration  from  anxiety  and 
over-work,  many  mental  states  accompanied  by  a  de- 
pressed condition  of  the  system,  such  as  some  forms  of 
hysteria,  melancholia,  and  nervous  insomnia  ;  we  have 
also  met  with  encouraging  results  in  the  treatment  of 
spasmodic  asthma.     The  opposite  condition,  namely  a 
negative  charge,  has  on  several  occasions  been  known  to 
induce  an  attack  of  the  disease.*     The  negative  charge 
produces  a  condition  of  the  body  as  of  utter  prostration, 
similar  to  that  produced  by  blood-letting,  and  similar  to 
those  conditions  that  accompany  great  prostration  from 
severe  illness  or  other  cause  when  the  normal  irritability 
of  the  nerves  has  deteriorated,  and  the  natural  nerve 
currents  are  diminished  and  the  nerves  are  in  a  condi- 
tion of  decreased  excitabihty.    Many  of  the  good  results 
formerly  derived  from  the  use  of  statical  electricity  were 
probably  misunderstood  and  did  not  depend  upon  the 
shocks  given  to  the  patient  but  to  the  preliminary  charg- 
ing, for  as  a  matter  of  fact  the  patients  were  generally 
charged  positively,  since  Ramsden's  machine,  then  most 
frequently  used,  would  only  produce  a  positive  charge 
when  used  in  the  ordinary  way. 

93.  Treatment  by  sparks — A  second  method  of 
using  statical  electricity  is  by  sparks.  Sparks  are 
taken  from  a  patient  in  two  ways  called  respectively 
the  direct  and  the  indirect.  In  the  direct  method  the 
patient  is  placed  upon  an  insulated  chair  or  bench  and 
connected  with  one  electrode  of  the  machine,  the  ex- 
citer is  connected  with  the  other  (fig.  32).     The  spinal 

•  Electricity  and  its  Manner  of  Working  in  the  Treatment 

of  Disease,"  J.  and  A.  Churchill,  London,  1884,  p.  38. 
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column  or  part  to  be  treated  is  laid  bare,  and  when  the 
patient  is  charged,  an  excitor  (fig.  29)  is  brought  near 
to  the  patient  and  a  spark  is  immediately  seen  to  pass 
between  the  two.     Several  contrivances  are  sold  by  in- 


FiG.  32. — Treatment  by  sparks. 

strument  makers  {e.g.,  fig.  33)  for  regulating  the  length 
of  spark  taken.  But  these  are  unnecessary  when  an 
influence  machine  is  used,  as  the  maximum  length  of 


Fio.  33.— Spark  regulator. 

spark  can  be  exactly  controlled  by  the  space  between 
the  discharging  electrodes  of  the  machine,  for  these  are 
always  capable  of  being  separated  or  approximated  to 
regulate  the  sparking  distance.  In  this  way  it  is  often 
possible  to  draw  from  the  patient  a  spark  of  two,  three  or 
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four  inches  long.  Differences  in  the  nature  of  the  spark 
can  be  produced  by  varying  the  shape  and  size  of  the 
exciters. 

A  pointed  excitor,  for  obvious  reasons  (cf.  §  29)  gives  a 
smaller  spark  or  even  only  a  brush,  and  the  suddenness 
and  violence  of  the  spark  can  also  be  increased  by  an 
increase  in  the  size  of  the  brass  balls  used.  For  the  in- 
direct spark,  one  conductor  of  the  machine  is  connected 
with  the  ground,  and  the  patient  on  the  insulated  sup- 
port is  connected  with  the  other  conductor.  The  wire 
from  the  excitor  (or  electrode)  is  then  also  allowed  to 
touch  the  ground  or  is  connected  with  a  gas  or  water- 
pipe  in  the  room.  By  this  means  less  vigorous  and  irri- 
tating sparks  are  taken  from  or  passed  to  the  patient. 

It  may  be  as  well  at  this  point  to  call  attention  to  the 
nature  of  the  Leyden  jar  discharge.  We  are  apt  to  con- 
sider the  discharge  as  taking  place  from  one  specified 
point  of  a  circuit  to  another,  but  this  is  quite  incorrect. 
The  real  state  of  affairs  is  one  of  oscillatory  current 
sparking  across  the  air  gap  in  the  circuit,  so  that  the 
spark  cannot  be  said  to  pass  only  from  one  point  to 
another.  There  are  always  several  oscillations  in  a 
spark  discharge,  the  period  of  these  is  determined  by 
the  nature  of  the  circuit,  and  depends  chiefly  on  two 
things,  namely,  the  capacity  of  the  jar  and  the  time 
constant  of  the  circuit  through  which  the  discharge 
takes  place,  an  increase  in  either  of  these  will  cause  an 
increase  in  the  time  of  the  oscillations.  To  have  some 
idea  of  the  rate  of  the  oscillations,  we  may  remember 
that,  as  has  been  lately  demonstrated  by  Hertz,  electric 
radiation  is  propagated  with  the  velocity  of  light, 
namely  about  3  x  10^°  centimetres  per  second.  It  would 
be  easy  to  arrange  a  jar  and  circuit  from  which  would 
be  emitted  waves  of  one  metre  in  length,  the  number  of 
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oscillations  per  second  in  such  a  case  would  be  3x10* 
say  three  hundred  millions,  an  almost  inconceivably 
great  rapidity  of  oscillation. 

Comparing  great  things  with  small  we  may  draw  an 
analogy  between  this  and  the  faradic  discharge  which 
may  be  looked  upon  as  a  slow  oscillatory  discharge, 
probably  not  often  exceeding  two  hundred  and  fifty 
oscillations  per  second.  These  discharges  produce 
somewhat  similar  physiological  effects,  but  the  latter 
are  the  more  painful  perhaps  because  of  the  greater 
magnitude  of  the  oscillatory  currents  involved. 

94.  Treatment  by  shocks. — Shocks  are  adminis- 
tered by  means  of  the  Leyden  jar.  This  is  charged 
from  the  prime  conductor  of  an  electrical  machine  in 
motion ; — negatively  when  the  Carre  machine  is  used. 
A  discharger  is  laid  in  contact  with  the  external  coating 
and  then  made  to  touch  that  part  of  the  patient  through 
which  it  is  wished  that  the  shock  should  pass,  and 
the  knob  of  the  jar,  in  connection  with  the  internal 
coating,  is  approached  to  the  patient  on  the  opposite 
side  of  the  trunk  or  limb ;  when  within  a  varying 
distance  of  the  skin — half  an  inch  or  less  according 
to  the  potential  of  the  charge — a  spark  is  seen  to  pass 
and  the  jar  is  discharged.  An  unpleasant  shock  is 
given,  and  a  slightly  raised  spot  with  congested  areola, 
similar  to  a  flea  bite,  is  left  for  a  short  time.  A  more 
manageable  way  of  discharging  the  Leyden  jar  is  to  con- 
nect it  with  an  insulated  brass  excitor  (fig.  34)  by 
means  of  a  flexible  metallic  cord  encircling  the  external 
coating  of  the  jar  above  where  it  is  held  by  the  hand  for 
the  purpose  of  charging.  The  knob  of  the  excitor  may 
be  made  to  touch  the  patient  at  the  part  it  is  wished  to 
treat  and  the  jar  when  charged  brought  near  to  the 
patient.    Immediately  the  knob  is  near  enough  for  the 
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spark  to  pass,  the  jar  will  be  discharged.  The  treat- 
ment by  shocks  is  only  suited  for  local  applications. 

95.  The  brush  discharge.— The  electric  wind, 
breeze,  current,  brush  or  souffle,  are  all  terms  given  to 
that  method  of  administering  static  electricity  first  pro- 
posed by  Dr.  Steavenson  in  1778.  The  following  is  the 
description  that  he  gives,  translated  from  his  Latin 
thesis*  : — "  Whilst  I  was  thinking  over  the  property  of 


sharpened  conductors,  that  is  their  power  of  suddenly 
drawing  the  electric  fluid  which  has  become  accumu- 
lated out  of  bodies  silently  and  without  a  spark,  a  fourth 
method  of  applying  it,  which  promises  to  be  advanta- 
geous, occurred  to  my  mind,  and  which,  to  distinguish 
it  from  the  others,  I  would  call  the  pencil  method.  It  is 
very  well  known  that  pointed  instruments  strongly  at- 
tract the  fluid  when  once  excited  ;  if  therefore  to  an  in- 
sulated human  body,  unduly  charged  with  electric  fluid, 
a  pointed  conductor  be  applied,  the  superabundant  fluid 

•  By  the  Rev.  F.  R.  Steavenson,  late  Classical  Scholar  of  Em- 
manuel College,  Cambridge. 


Fig.  34. — Application  of  shocks. 
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will  be  drawn  out  without  a  shock,  and  at  the  same  time 
without  causing  pain  from  this  part,  in  the  form  of  a 
luminous  pencil ;  whereby  the  volume  and  speed  of  the 
fluid  as  it  passes  through  whatever  part  we  desire  may 
be  greatly  increased,  and  if  we  enlarge  the  space 
through  which  the  fluid  makes  its  escape  it  will  only  be 
necessary  to  increase  the  number  of  points."  This 
method  has  been  adopted  under  one  or  other  of  the 
names  previously  given  by  most  of  those  who  have  made 
use  of  statical  electricity  for  curative  purposes.  The 
electric  wind  or  breeze  can  be  produced  by  bringing  a 


Fig.  35.— Brush  electrode. 

pointed  excitor  near  to  an  insulated  patient  who  has 
been  charged  with  electricity.  The  sharpened  excitor 
may  be  made  of  brass  or  wood.  When  the  compara- 
tively blunt  wooden  point  is  used  the  breeze  is  not  so 
strong  as  with  the  sharper  brass  one.  A  crackUng, 
hissing  sound  is  produced  and  in  the  dark  a  luminous 
brush  of  hght  is  perceptible.  The  patient  feels  a  pleas- 
ant sensation  as  of  a  cool  draught  of  wind  playing  upon 
the  part  under  treatment.  When  the  more  vigorous 
souffle  is  required,  an  electrode  is  used,  having  numer- 
ous points  fixed  upon  a  metalUc  disc  (fig.  35)  and  pro- 
vided with  an  insulated  handle.  The  breeze  or  souffle 
is  used  for  the  rehef  of  pain,  in  neuralgia,  the  lightnmg 
pains  of  locomotor  ataxy,  and  other  painful  affections. 
It  is  said  to  have  a  marked  sedative  eff"ect. 

96  Static  induction. -Dy.  McClure  mentions  an 
additional  use  to  which  static  electricity  can  be  applied, 
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which  has  recently  been  discovered  and  by  which  mus- 
cular reactions  can  be  tested  as  with  the  faradic  machine, 
and  with  less  pain.  He  describes  the  method  as  fol- 
lows : — "A  small  Leyden  jar  is  attached  by  means  of  a 
hook  to  each  conductor  of  the  static  machine.  To  the 
outer  coatings  of  these  jars  are  attached  a  pair  of 
ordinary  conducting  cords  with  moistened  electrodes. 
The  poles  of  the  machine  are  now  separated  very 
slightly,  giving  a  short  spark ;  during  the  passage 
of  each  spark  an  induction  current  is  sent  down  the 
cords  and  received  by  the  patient,  who  need  not  be  in- 
sulated ;  nerve  and  muscle  may  thus  be  acted  on  in 
exactly  the  same  way  as  in  the  application  of  faradism. 
The  strength  of  the  current  is  determined  by  the  size  of 
the  jars,  and  the  amount  of  separation  of  the  poles  of 
the  machine.  In  the  machine  of  Carre  the  poles  must 
almost  touch  and  the  jars  must  be  very  small — of  the 
capacity  of  about  4  or  6  ounces.  I  believe  we  have  in 
the  static  induced  current  a  means  of  producing  mus- 
cular contractions  when  the  strongest  bearable  applica- 
tion of  faradism  fails."* 

This  quotation  from  Dr.  McClure  suggests  a  very  in- 
teresting method  of  examining  the  muscles  and  one  less 
painful  than  the  usual  method  of  applying  the  faradic 
current.  From  the  last  part  of  §  93  it  will  be  seen  that 
the  two  methods  are  analogous,  since  the  arrangement 
suggested  by  Dr.  McClure  produces  oscillatory  currents 
similar  to  those  considered  there.  Those  who  have  had 
much  experience  of  the  distress  produced  in  young 
children  by  the  electrical  examination  of  their  muscles 
in  the  usual  way  will  gladly  welcome  any  plan  less  ter- 
rifying to  the  patients  than  faradic  currents  are. 

•  "  Static  Electricity  in  Medicine,"  by  H.  McClure  M.D.,  London, 
H.  Renshaw,  1889. 
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CHAPTER  V. 
Batteries  and  Apparatus. 

Essentials  of  a  good  battery.  Electromotive  force  of  cells.  Capa- 
city of  cells.  Polarization.  Depolarizers.  Smee's  battery. 
Bichromate  battery.  Daniell's  battery.  Grove's  and  Bunsen's 
batteries.  Leclanche  battery.  Chloride  of  silver  battery. 
Oxide  of  copper  battery.  Dry  batteries.  Sulphate  of  mercury 
battery.  Latimer  Clark's  standard  cell.  Stohrer's  battery. 
Accumulators.  Table  of  batteries.  Choice  of  a  battery.  Care 
of  a  battery.  Use  of  electric  lighting  currents.  Transformers. 
Medical  induction  coils.    Primary  and  secondary  currents. 

97.  Essentials  of  a  good  ba.ttery. — Numerous 
modifications  of  Volta's  original  cell  have  been  fi-om  time 
to  time  proposed  with  the  object  of  improving  it  in  one 
way  or  another.  There  are  three  objects  to  be  aimed  at 
in  striving  to  effect  such  an  improvement,  first,  the 
electromotive  force  of  the  cell  should  be  as  high  as  pos- 
sible, secondly,  the  quantity  of  current,  or  the  density  of 
current  per  square  centimetre  of  active  surface  of  the 
plates  must  be  great,  and  thirdly,  the  cell  must  be  con- 
stant, i.e.,  ij;  must  be  capable  of  giving  a  large  current 
without  any  fall  of  electromotive  force  due  to  polariza- 
tion (see  §  59).  There  are  also  other  matters  to  be 
attended  to,  e.g.,  there  should  be  no  action  in  a  cell 
when  the  circuit  is  broken,  but  this  belongs  rather  to 
the  management  of  batteries  than  to  our  present  subject. 

98.  Electromotive  force  of  cells. — The  limit  of 
electromotive  force  that  can  be  obtained  from  a  single 
cell  is  soon  reached,  since,  as  shown  in  §  39,  it  depends 
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almost  entirely  on  the  contact  electromotive  force  be- 
tween dissimilar  substances  (metals  or  metalloids).  We 
must  note  here  that  in  a  cell  where  the  poles  are  say  zinc 
and  platinum,  the  contact  electromotive  force  is  really 
that  between  zinc  and  platinum,  although  the  zinc  and 
platinum  do  not  touch  each  other  throughout  the  circuit. 
We  may,  however,  look  on  it  as  made  up  of  the  contact 
electromotive  force  between  the  zinc  plate  and  the  cop- 
per connecting  wire,  plus  that  between  the  copper  con- 
necting wire  and  the  platinum  plate.  Full  tables  are 
found  in  electrical  text-books  of  metals  arranged  in 
order,  the  most  electropositive  at  the  head  of  the  table, 
the  most  electronegative  at  the  foot.  An  abbreviation  of 
such  a  table*''  is  the  folio wingr : — 

Electyopositive. 

Sodium. 

Magnesium. 

Zinc. 

Iron. 

Lead. 

Copper. 

Silver. 

Mercury. 

Platinum, 

Carbon. 
Electronegative. 

This  order  is  given  for  the  elements  in  contact  in 
presence  of  dilute  acid  ;  under  other  circumstances  the 
order  is  liable  to  alteration,  and  this  fact  is  a  serious 
difficulty  m  the  way  of  the  "  contact "  theory  of  electro- 
motive force  which  has  been  taken  as  a  working 
hypothesis  for  our  purposes.  We  may  refer  the  reader 
agam  to  Dr.  0.  Lodge's  "  Modern  Views,"  Chap.  VI. 

It  follows  that  the  battery  with  the  greatest  electro- 
*  Miller's  "  Chemistry." 
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motive  force  would  be  that,  the  poles  of  which  consisted 
of  the  two  materials  at  the  extreme  ends  of  the  table, 
and  most  of  the  improvements  in  batteries  made  with 
the  object  of  increasing  the  electromotive  force  have  been 
by  substituting  metals  further  down  the  table  for  the 
copper  pole  of  Volta's  cell.      Thus  in  Smee's  cell  we 
find  a  platinized  silver  plate  is  used  for  the  positive  pole, 
in  Grove's  battery  a  platinum  plate,  while  in  Bunsen's 
carbon  is  used.     Until,  therefore,  it  becomes  practic- 
able to  use  magnesium  or  sodium  instead  of  zinc,  we 
can  hardly  expect  to  obtain  primary  batteries  of  higher 
electromotive  force  than  those  in  which  zinc  and  carbon 
poles  are  used.     These  batteries  when  working  to  the 
best  advantage  have  an  electromotive  force  of  some- 
thing under  two  volts.     That  of  a  Bunsen's  cell  is  from 

1-8  to  i-g  volts. 

As  will  be  seen  in  the  description  of  storage  batteries 
a  positive  plate  of  peroxide  of  lead  affords  a  means  of 
getting  a  high  electromotive  force,  and  the  combination 
of  it  with  a  zinc  negative  plate  has  been  found  to  yield 
very  satisfactory  results ;  one  form  of  such  a  combina- 
tion has  lately  been  introduced  under  the  name  of  the 
Lithanode  battery,  and  it  is  said  to  have  an  electromotive 

force  of  2-5  volts. 

99.  Capacity  of  cells.— Under  the  second  head 
there  is  not  much  to  be  done  in  improving  batteries  ;  the 
internal  resistance  should  of  course  be  kept  as  low  as 
possible  by  making  the  plates  approach  as  near  one 
another  as  may  be,  so  that  the  current  shall  have  to  pass 
across  the  least  possible  thickness  of  electrolyte.  The 
plates  of  the  battery  should  be  large  and  should  be  kept 
clean,  and  the  zinc  must  be  pure  and  homogeneous,  or  at 
least  well  amalgamated  with  mercury  to  prevent  local 
currents  from  differences  of  hardness  and  purity,  for 
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these  give  rise  to  electromotive  forces  between  parts  of 
the  zinc  and  cause  local  action  and  wasting.  In  one 
modern  type  of  cell  the  zincs  are  made  of  an  amalgam 
of  zinc  and  mercury  fused  together  and  cast  into  the 
required  shape.    This  is  said  to  work  well. 

100.  Polarization — There  is  much  more  scope  for 
improvement  in  batteries  as  regards  the  third  point,  and 
much  attention  and  irigenuity  have  been  concentrated 
upon  securing   constancy   of  current  and  absence  of 
polarization  in  batteries.     This  is  easily  seen  to  be 
an  important  matter,  for  nearly  all  batteries  undergo 
a  rapid  fall  of  electromotive  force  when  any  large  cur- 
rent is  taken  from  them.    Thus,  for  example,  a  form  of 
cell  recently  put  upon  the  market  had  an  electromotive 
force  of  1-508  volts  on  open  circuit,  but  after  being  short 
circuited  through  a  wire  of  low  resistance  for  fifteen 
minutes  the  electromotive  force  had  fallen  to  -433  volts. 
Polarization  of  a  cell  is  mostly  caused  by  alterations  in 
the  surfaces  of  the  plates  of  the  cell,  and  chiefly  by  the 
condensation  of  hydrogen  on  the  inactive  plate  which 
sets  up  a  reverse  electromotive  force,  and  so  reduces  the 
available  electromotive  force  of  the  cell,  at  the  same  time 
reducing  the  available  area  of  the  plates,  and  thereby 
increasing  the  internal  resistance  of  the  cell.'> 

•  It  is  easy  to  demonstrate  the  reverse  electromotive  force,  due  to 
polarization  by  means  ef  a  water  voltameter  (§  134).  To  do  so  let 
the  current  through  such  a  voltameter  be  suddenly  switched  off 
and  the  poles  of  the  voltameter  connected  to  a  galvanometer  ;  for  a 
few  seconds  a  current  will  be  indicated  by  the  galvanometer  in  such 
a  direction  as  to  shew  that  the  pole  of  the  voltameter  from  which  the 
hydrogen  was  given  off  now  acts  as  a  zinc  plate,  i.e.,  in  the  opposite 
direction  to  the  current  that  was  being  driven  through  it  before.  The 
word  "  polarization is  frequently  used  in  a  loose  way  so  as  to  in- 
clude other  causes  which  tend  to  weaken  the  current  that  a  cell  can 
give,  as  for  example,  the  exhaustion  of  the  exciting  liquid,  the  forma- 
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To  prevent  polarization  it  is  necessary  to  take  some 
measures  that  will  check  or  prevent  the  accumulation 
of  hydrogen  on  the  positive  pole. 

loi.  Depolarizers.— The  constancy  of  batteries  de- 
pends on  the  efficacy  of  the  depolarizer  used.  Depo- 
larizing methods  can  be  conveniently  grouped  under 
three  heads.  (a)  Mechanical  methods,  (b)  Liquid 
depolarizers,    (c)  Solid  depolarizers. 

In  Smee's  battery  the  surface   of  the  silver  plate  is 
roughened  by  being  platinized,  i.e.,  covered  with  finely 
divided  platinum,  the  effect  of  which  is  that  the  bubbles 
of  hydrogen  are  able  to  form  and  escape  more  easily. 
In   Walker's  modification  of  this  battery  (see  §  112, 
Stohrer's  battery)  the  rough  surface  of  the  carbon  plate 
used    plays  the    same   part,   but    it   probably  acts 
chemically  also  by  causing  oxidation  of  the  hydrogen 
in  the  same  way  that  the  carbon  of  charcoal  filters 
causes  the  oxidation  of  the  organic  matter  of  impure 
water.    Another  mechanical  method  of  hindering  polari- 
zation is  to  keep  the  exciting  fluid  well  stirred  by  forcing 
air  through  it  or  otherwise.     None  of  these  methods 
however  are  so  efiacacious  as  the  use  of  chemical  means, 
that  is  to  say  the  use  of  some  oxidizing  agent  in  the  cell 
whereby  the  hydrogen  is  consumed,  instead  of  bemg 
deposited  on  the  positive  plate.     The  simplest  method 
of  doing  this  is  to  add  to  the  exciting  liquid  some 
powerful  agent  that  will  oxidize  the  hydrogen  as  fast  as 
it  is  liberated.    This  is  the  plan  followed  in  the  "bichro- 
mate" battery  (§  103)  invented  by  Poggendorf.  Another 
liquid  depolarizer  that  is  much  used  is  strong  nitric 

tion  of  local  currents  owing  to  non-homogenity  or  bad  amalgamation 
of  the  zinc,  or  the  increase  of  internal  resistance  from  changes  m 
the  exciting  liquid,  but  strictly  speaking  the  term  should  be  limited 
to  the  changes  at  the  surfaces  of  the  plates  of  the  cell. 


GALVANIC  BATTERIES. 


117 


acid,  but  as  this  attacks  zinc  violently  it  is  necessary 
to  separate  it  from  the  zinc  plate  by  the  use  of  a  semi- 
permeable porous  partition  or  porous  pot,  and  the  battery 
then  becomes  a  two  fluid  battery.  In  fig.  36,  the  ar- 
rangement of  a  two  fluid  battery  is  shown  ;  V  is  the 
porous  pot  containing  one  liquid  and  one  plate,  the 
other  liquid  and  the  other  plate  standing  outside  it. 


There  are  several  valuable  solid  depolarizers  m  use, 
the  one  best  known  being  peroxide  of  manganese,  which 
is  used  in  the  Leclanche  cell,  and  in  several  of  the 
"  dry "  cells.  Oxide  of  copper  is  also  used.  Fused 
chloride  of  silver  is  the  depolarizer  in  a  favourite  battery 
for  medical  purposes,  known  as  the  chloride  of  silver 
cell,  and  the  valuable  qualities  of  peroxide  of  lead  have 
had  much  attention  drawn  to  them  of  late,  through  the 
study  of  its  action  in  storage  cells. 

102.  Smee's  battery — This  battery  is  of  interest, 
as  representing  the  simplest  advance  on  the  copper  zinc 
couple  of  Volta  ;  it  was  invented  in  1840.  In  its  usual 
form  it  is  made  of  two  flat  plates  of  zinc,  separated  from 


Fig.  35.— Two  fluid  cell 
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one  another  above  by  a  block  of  wood  which  supports  a 
platinized  silver  plate  between  the  zincs.  To  the  zinc 
plates  there  is  attached  a  large  clamp  and  binding 
screw,  which  serves  to  hold  the  element  together,  another 
binding  screw  is  attached  to  the  silver  plate,  and  this  is 
the  positive  pole  of  the  battery.  The  exciting  liquid  is 
dilute  sulphuric  acid  i  to  lo.  In  spite  of  the  roughened 
surface  of  the  silver  plate  the  battery  soon  polarizes, 
and  its  available  electromotive  force  is  not  much  more 
than  '5  volt. 

103.  Bichromate  battery.- — This  is  a  favourite  form 
of  cell  where  large  currents  are  required  occasionally.  Its 
constancy,  however,  is  by  no  means  perfect.     Its  plates 
are  of  zinc  and  carbon,  and  the  exciting  liquid  consists  of 
a  solution  of  potassium  bichromate  and  sulphuric  acid. 
The  sulphuric  acid  in  the  first  instance  sets  free  chromic 
acid,  leaving  potassium  sulphate  in   solution.  The 
chromic  acid  being  a  very  powerful  oxidizing  agent, 
oxidizes  the  hydrogen  produced  by  the  action  of  the 
battery  on  the  carbon  plate,  and  is  itself  reduced  to 
chromous  oxide  ;  this  combines  with  a  further  quantity 
of  sulphuric  acid  to  form  chromous  sulphate,  which 
remains  in  solution,  giving  the  liquid  a  dark  green 
colour.     If  such  a  battery  is  allowed  to  stand  after 
much  use  crystals  of  potash  chrome  alum  will  be  de- 
posited, which  are  very  hard  and  difficult  to  dissolve. 
Sodium  bichromate  has  been  strongly  recommended 
instead  of  the  potassium  salt,  as  the  sodium  chrome 
alum  is  very  much  more  soluble  ;  the  sodium  salt  also 
contains,  weight  for  weight,  more  chromic  acid  than  the 
potassium  salt.    A  suitable  formula,  if  sodium  bichro- 
mate be  used,  is  the  following :— Dissolve  200  grammes 
of  the  salt  in  i  litre  of  water  and  add  150  c.c,  of  strong 
sulphuric  acid  ;  when  the  battery  begins  to  show  signs 
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of  being  exhausted  an  additional  25  to  50  c.c.  of  acid  per 
litre  may  be  added.  The  chemical  reactions  occurring 
with  this  cell  may  be  thus  represented  : — 

K.CrA  +  2H3SO,  =  2KHSO,  +  2Cr03  +  H3O, 
then  2Cr03  +  sH.-Cr.Os  +  3H,0, 

and         CrA  +  sH.SO^^Cr,  3(S0,)  +  3H3O. 

The  zincs  of  this  battery  must  always  be  removed 
from  solution  immediately  after  use,  and  in  fact  should 


Fig.  37. — Bichromate  battery. 

oe  well  washed  and  frequently  re-amalgamated,  if  the 
battery  is  to  give  the  best  effect.  The  reason  for  this 
will  be  easily  seen  when  it  is  pointed  out  that  Dr. 
Weeven  has  lately  observed  that  pure  zinc  is  one  hundred 
and  seventy-five  times  more  soluble  in  acid  containing  a 
little  chromic  acid  than  in  pure  dilute  acid.  One  form 
of  bichromate  battery  is  well  known  to  medical  men 
under  the  name  of  Stohrer's  battery,  but  it  is  hardly  to 
be  recommended  as  it  requires   much  attention  and 
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cleaning,  and  is  by  no  means  economical  in  use,  it  will 
be  more  fully  described  in  §  112.  The  outward  form  of 
the  bichromate  battery  varies  very  much.  A  very 
familiar  shape  is  that  of  a  wide  mouthed  and  long 
necked  bottle  (fig.  37).  The  plates  are  suspended  from 
a  vulcanite  lid  carrying  binding  screws,  and  the  zinc 
plate  can  be  drawn  up  out  of  the  liquid  into  the  neck  of 
the  bottle  when  the  battery  is  not  in  use. 

104.  DanielPs  battery. — The  oldest  and  most  con- 
stant form  of  two  fluid  battery  is  that  known  as 
Daniell's  cell.  So  constant  is  this  cell  that  it  has  been 
proposed  and  frequently  used  as  a  standard  of  electro- 
motive force.  For  rough  purposes  we  may  take  the 
electromotive  force  of  a  Daniell's  cell  at  one  volt.  A 
Daniell's  cell  consists  of  a  copper  plate  placed  in  a  solu- 
tion of  sulphate  of  copper,  which  is  kept  saturated  by 
leaving  a  few  crystals  of  copper  sulphate  on  a  shelf  near 
the  top  of  the  liquid  ;  separated  by  a  porous  partition 
is  a  zinc  plate  in  solution  of  sulphate  of  zinc  slightly 
acidified  with  sulphuric  acid.  Frequently  the  copper 
plate  is  made  also  to  serve  as  the  containing  vessel. 
The  porous  partition  while  it  prevents  the  mixing  of 
the  two  solutions,  offers  but  little  resistance  to  the 
electrolytic  passage  of  the  current.  The  reactions  then 
are  as  follows  : — Zinc  is  dissolved  at  the  zinc  plate  and 
hydrogen  would  be  set  free  at  the  division  between  the 
two  liquids  but  for  the  presence  of  the  copper  sulphate 
solution  which  being  itself  an  electrolyte  is  decomposed 
into  sulphuric  acid,  which  passes  inwards  from  the 
porous  partition,  and  copper  which  is  deposited  at  the 
positive  pole.  Since  this  latter  is  already  of  copper 
there  is  no  tendency  to  polarization  here  at  all,  and  any 
falling  off  in  the  electromotive  force  of  the  cell  is  due  to 
bad  amalgamation  or  some  other  fault  at  the  zinc  plate. 
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Daniell's  batteries  are  frequently  arranged  as  "  gravita- 
tion batteries,"  the  porous  division  being  abolished  and 
the  lighter  liquid  dilute  acid  with  the  zinc  plate  being 
above  the  heavier  sulphate  of  copper  solution.  Sir  W. 
Thomson  fills  them  v^^ith  sawdust,  thus  avoiding  any 
danger  from  upsetting  the  battery.  The  drawback  to 
the  use  of  a  Daniell's  battery  is  that  no  matter  how 
perfect  the  porous  partition  may  be  some  of  the  copper 
salt  will  diffuse  sooner  or  later  through  to  the  zinc  and 
copper  will  be  deposited  on  its  surface,  giving  rise  to 
local  action  and  waste. 

105.  Groves'   and  Bunsen's    batteries.— These 
have  for  their  depolarizer  strong  nitric  acid.     In  the 
former  the  positive  pole  is  a  platinum  plate,  in  the 
latter  a  plate  or  rod  of  hard  gas  carbon.     In  both  bat- 
teries the  positive  pole  is  contained  in  a  porous  pot 
filled  with  strong  nitric  acid  and  this  is  surrounded  by 
the  zinc  plate  contained  in  a  vessel  filled 'with  dilute  sul- 
phuric acid  (fig.  36).    The  action  of  the  battery  may  be 
looked  upon  thus  :— At  the  porous  partition  the  electro- 
lysis is  taken  up  from  the  dilute  sulphuric  acid  by  the 
nitric  acid  and  the  hydrogen  that  would  be  given  off  at 
the  platinum  or  carbon  pole  is  oxidized  by  the  nitric 
acid  to  water,  the  acid  being  reduced  and  decomposed 
with  production  of  nitric  oxide.     This  is  partly  dis- 
solved in  the  rest  of  the  nitric  acid  giving  it  a  green 
colour  and  part  escapes  into  the  air  where  it  combines 
vvrith  oxygen  to  form  the  corrosive  red  fumes  of  the 
higher  oxides  of  nitrogen.    These  fumes  and  the  general 
uncleanliness  and  corrosiveness  of  nitric  acid  form  the 
greatest  objection  to  the  use  of  this  battery.*     If  it  can 

•  It  will  be  found  that  after  a  little  use  the  platinum  plates  used  in 
Groves'  battery  have  become  very  brittle.  They  can  be  restored  to 
their  former  soft  state  by  heating  them  red  hot  in  a  Bunsen  flame. 
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be  set  up  in  a  draught  cupboard  or  out  of  doors  it  is  a 
good  battery  for  lighting  or  cautery  heating  purposes. 

1 06.  The  Iieclanche  battery. — The  cell  most  uni- 
versally used  for  medical  work  is  the  Leclanche  battery, 
the  exciting  liquid  in  which  is  a  saturated  solution  of 
ammonium  chloride  (sal  ammoniac)  fig.  38.  The  nega- 
tive pole  is  a  zinc  rod  and  the  positive  pole  a  carbon  plate 


Fig.  38. — Leclanche  cell. 


or  rod.  This  is  surrounded  by  the  depolarizer,  man- 
ganese dioxide,  which  is  able  slowly  to  oxidize  any  hy- 
drogen evolved  by  the  action  of  the  cell.  In  the  older 
forms  of  Leclanche  cell  the  carbon  pole  was  packed 
tightly  in  a  porous  pot  with  fragments  of  carbon  and 
granular  manganese  dioxide.  The  more  modern  form 
of  cell  has  no  porous  pot,  and  thus  its  internal  resistance 
is  reduced,  but  the  carbon  has  attached  to  it  under  a 
pressure  of  about  300  atmospheres  a  conglomerate 
formed  of  40  parts  manganese  dioxide,  52  carbon,  5  of 
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shellac  and  3  of  potassium  bisulphate.  This  form  is 
called  the  agglomerate  type.  The  addition  of  a  little 
chlorate  of  potash  to  the  exciting  solution  has  been 
recommended  in  the  proportion  of  one  part  chlorate  to 
three  of  sal  ammoniac.  It  is  possible  that  this  addi- 
tion may  help  to  make  the  depolarizing  action  more 
complete. 

The  chemistry  of  the  cell  cannot  be  expressed  in  any 
simple  manner.  When  the  circuit  is  open  there  should 
be  absolutely  no  action  between  the  solution  and  the  zinc 
(local  action)  and  this  makes  the  cell  a  very  economical 
one,  but  when  the  circuit  is  closed  the  zinc  is  dissolved, 
forming  a  double  chloride  of  ammonium  and  zinc,  and 
an  oxychloride  of  zinc  while  ammonia  and  hydrogen  are 
evolved  at  the  carbon  pole.  If  only  a  small  current  is 
taken  from  such  a  cell  the  manganese  dioxide  does  its 
work  and  the  cell  is  fairly  constant,  but  if  much  current 
is  used  the  oxidizing  action  of  the  manganese  dioxide  is 
unable  to  keep  pace  with  the  evolution  of  hydrogen  and 
the  cell  is  rapidly  polarized,  though  it  recovers  com- 
pletely if  left  for  some  hours  on  open  circuit.  The 
electromotive  force  of  a  Leclanche  cell  is  about  i-6 
volts.  The  advantages  of  the  battery  are  that  it  pos- 
sesses great  power  of  recovery,  has  no  appreciable  local 
action  and  may  consequently  be  left  for  months  at  a 
time  without  attention,  and  has  a  fairly  high  electro- 
motive force.  Against  these  we  must  set  its  high  in^ 
ternal  resistance  and  the  fact  that  its  electromotive 
force  runs  down  very  rapidly  when  it  is  called  on  to 
produce  a  current  of  any  magnitude. 

None  of  the  cells  in  which  dilute  acid  is  used  for  the 
exciting  liquid  can  be  left  to  themselves  in  the  way  that 
Leclanche  batteries  can  for  in  all  of  them  the  local  action 
would  soon  destroy  the  zinc  if  it  were  not  removed  from 
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the  acid  as  soon  as  the  battery  has  been  used,  and  on  that 
account  alone  they  are  not  very  suitable  for  medical  pur- 
poses, since  they  require  too  much  attention ;  means  have 
been  devised  for  facilitating  the  removal  of  the  plates 
from  the  acid  when  the  battery  has  been  done  with,  but 
there  still  remains  the  difficulty  of  dealing  with  the 
liquids,  especially  during  the  transport  of  the  battery 
from  one  place  to  another.  Medical  batteries  must 
allow  of  being  carried  to  patients'  houses  when  neces- 
sary, and  the  ordinary  open  cells  with  acid  liquids  in 
them  are  most  awkward  ;  the  liquid  is  easily  upset  and 
corrodes  whatever  it  touches,  consequently  medical  men 
are  ready  to  make  considerable  sacrifices  in  other 
directions  for  the  sake  of  a  closed  cell,  in  which  the 
trouble  of  attending  to  the  zincs  can  be  got  rid  of,  and 
in  which  there  is  no  risk  of  upsetting  acids.  Accord- 
ingly, except  for  very  special  purposes,  the  Leclanche 
cell  is  almost  universally  employed,  for  in  it  the  zinc 
can  be  left  always  in  position  without  waste  from  local 
action,  and  the  cell  can  be  closed  in  with  pitch  or 
cement,  to  prevent  any  escape  of  the  exciting  fluids 
from  within  ;  these  conveniences  are  purchased  at  the 
cost  of  a  high  internal  resistance  and  of  a  tendency  to 
polarization,  but  for  most  medical  work  these  objec- 
tions are  not  very  serious,  because  the  huge'  resistance 
of  the  human  body  reduces  by  comparison  the  internal 
resistance  of  the  battery  to  an  almost  negligeable 
quantity,  and  because  the  amount  of  current  required 
in  most  cases  is  only  a  few  thousandths  of  an  ampere. 
(5  to  50  milliamperes).  Even  when  the  portability  of  the 
battery  is  not  important  the  Leclanche  element  is  still 
preferred,  for  once  installed  in  a  cellar  or  a  cupboard, 
it  can  be  left  alone  without  attention  for  months  or  even 
years,  and  by  the  use  of  large  cells  instead  of  small 
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ones,  the  internal  resistance  can  be  somewhat  reduced, 
while  the  capacity  of  the  cell  for  doing  work  can  be 
increased.  The  Leclanche  cell  then  is  the  one  most 
commonly  used  for  medical  purposes,  and  its  manage- 
ment, mode  of  action,  defects  and  good  qualities  should 
all  be  thoroughly  mastered  once  for  all  by  those  who 
intend  to  work  at  the  subject  of  medical  electricity. 

Numberless  modifications  of  this  cell  have  been  put 
upon  the  market  at  different  times,  but  these  have 
differed  from  the  original  type  mainly  in  such  details  of 
construction  as  shape  of  cell,  omission  of  porous  pot, 
and  shape  of  plates.  We  shall  further  consider  one  of 
the  modifications  in  treating  of  "  dry  "  batteries  (§  109). 

To  preserve  Leclanche  cells  in  good  order  they  must 
receive  a  little  attention  from  time  to  time  about  once 
in  six  months  or  so.  The  larger  sizes  in  glass  jars  can 
be  easily  inspected,  and  the  condition  of  the  zincs  and 
the  level  of  the  liquid  ascertained. 

If  the  zincs  are  blackened  they  should  be  scraped 
and  amalgamated,  and  the  liquid  can  be  renewed  by 
adding  water  to  replace  what  has  been  lost  by  evapora- 
tion. The  cells  must  not  be  filled  to  more  than  two- 
thirds  of  their  capacity.  If  the  amount  of  work  done 
by  the  battery  has  been  large  the  old  solution  had 
better  be  withdrawn  by  means  of  a  syringe  or  a  syphon, 
and  fresh  solution  put  into  its  place.  The  proportion  of 
six  ounces  of  sal  ammoniac  to  a  pint  of  water  makes  a 
solution  of  proper  strength.  The  upper  inch  of  the  glass 
cells  ought  to  be  brushed  over  with  vaseline  or  hot 
paraffin  wax  to  prevent  creeping  of  the  salts.  This  is  the 
formation  of  crusts  of  the  sal  ammoniac  around  the  top 
of  the  cell,  it  is  harmful  because  they  may  connect  to- 
gether two  neighbouring  cells,  so  closing  a  circuit,  and 
wasting  the  battery. 
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When  large  crystals  form  in  masses  at  the  bottom  of 
the  cell  and  round  the  zincs  it  is  time  to  take  down  the 
battery  and  set  it  up  afresh.  These  crystals  are  a 
double  chloride  of  zinc  and  ammonium,  and  are  in- 
soluble in  water,  but  they  can  be  dissolved  in  dilute 
hydrochloric  acid,  and  this  is  the  simplest  way  of  get- 
ting rid  of  them.  When  they  have  formed  in  the  outer 
vessel,  they  have  probably  formed  in  the  porous  pot  as 
well,  and  their  presence  there  is  not  desirable  because 
they  increase  the  internal  resistance  of  the  cell,  and 
block  up  the  interstices  of  the  carbon  and  manganese 
dioxide.  When  the  battery  is  being  renewed  the  liquid 
inside  the  porous  pot  should  be  poured  off  through  the 
small  holes  at  the  top,  and  dilute  hydrochloric  acid  (i 
to  20)  poured  in  and  left  for  twenty-four  hours,  and  after 
that  the  porous  pot  must  be  soaked  for  another  day  or 
two  in.  water.  This  proceeding  will  much  improve  the 
battery.  If  there  is  reason  to  think  that  the  cells  are 
worn  out  they  may  be  recharged  with  manganese  di- 
oxide and  broken  carbon,  or  better  still  they  can  be  re- 
placed by  new  ones.  The  management  of  the  small 
Leclanche  cells  used  in  portable  batteries  is  much  more 
difficult,  because  it  is  impossible  to  see  their  condition  ; 
one  can  do  little  beyond  emptying  out  the  liquid  with  a 
fine  syringe  and  putting  in  fresh  sal  ammoniac  solution 
in  the  same  way  from  time  to  time,  and  to  do  even  so 
much  as  this  is  a  tiresome  operation,  because  of  the 
tangle  of  wire  connections  which  lies  over  the  tops  of 
the  cells  in  a  portable  battery. 

107.  Chloride  of  silver  cell.— The  chloride  of 
silver  battery  was  invented  in  1868  by  Warren  de  la  Rue 
and  Hugo  Miiller,  and  modified  and  improved  by 
Skrivanoff  in  1883.  It  possesses  qualities  which  make  it 
very  suitable  for  medical  work  but  it  is  a  somewhat  ex- 
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pensive  cell  to  buy.  The  poles  of  the  cell  are  zinc  and 
silver  and  consequently  its  mean  electromotive  force  is 
about  one  volt.  The  silver  positive  pole  consists  of  a 
wire  of  silver  round  which  is  cast  a  thick  coating  of 
silver  chloride,  this  is  enclosed  in  a  cylinder  of  parch- 
ment paper  that  there  should  be  no  risk  of  short  cir- 
cuiting from  contacts  inside  the  cell.  The  plates  can 
therefore  be  brought  very  near  to  each  other  and  the  in- 
ternal resistance  of  the  cell  minimised.  The  exciting 
liquid  used  by  De  la  Rue  was  a  strong  solution  of  sal 

ammoniac  similar  to  that 
used  in  the  Leclanche  bat- 
tery. Skrivanoff  used  for  the 
exciting  liquid  a  solution  of 
caustic  potash  containing 
seventy-five  parts  caustic 
potash  to  an  hundred  of 
water,  this  increased  the 
electromotive  force  to  about 
1-5  volts  and  generally  im- 
proved the  action  of  the 
battery.  Mr.  Schall  of 
Wigmore  Street  has  taken 
considerable  pains  to  im- 
prove this  form  of  battery, 
and  his  cells  are  certainly 
very  neat  and  convenient ; 
Fig.  39.— Chloride  of  silver  cell.  the  chief  drawback  to  their 
use  is  the  high  first  cost  of  the  chloride  of  silver,  but  it  is 
claimed  that  the  reduced  metalHc  silver  which  is  formed 
in  the  cells  is  not  wasted  and  that  it  can  be  reconverted 
into  chloride  and  used  over  and  over  again  so  that  the 
working  cost  of  the  cells  ought  not  to  be  very  great. 
The  internal  resistance  of  a  chloride  of  silver  cell  is  low 
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after  the  action  is  once  well  started,  and  it  is  not  easily 
polarized  so  it  is  possible  to  take  a  large  current  from 
these  cells  if  required  (fig.  39). 

It  is  stated  that  a  cell  of  Skrivanof  form  weighing  one 
hundred  grammes  with  an  electromotive  force  of  .about 
1*5  volts  will  give  a  current  of  one  ampere  for  one  hour. 
If  this  is  true  the  chloride  of  silver  cell  must  apart  from 
its  cost  be  one  of  the  best  of  all  primary  batteries.  If  it 
were  attempted  to  take  such  a  current  from  a  Leclanche 
cell  even  of  large  size  it  would  polarize  almost  at  once. 
Besides,  its  internal  resistance  would  probably  be  too 
high  for  it  to  be  possible  to  take  such  a  current  from  it. 


Fig.  40.— Lalande  and  Chaperon's  oxide  of  copper  cell. 

108.  Oxide  of  copper  battery. — A  cheap  and  effi- 
cient form  of  battery  in  which  the  depolarizing  action  of 
cupric  oxide  is  made  use  of,  has  been  introduced  by 
M.M.  Lalande  and  Chaperon.    The  most  typical  form 
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of  this  cell  consists  of  a  cast  iron  vessel  shaped  like  a 
short  truncated  cone,  this  makes  the  positive  pole  of  the 
battery,  and  contains  at  the  bottom  a  layer  of  oxide  of 
copper  and  holds  the  exciting  liquid,  a  solution  of 
caustic  soda.  The  vessel  is  provided  with  a  lid  of  insu- 
lating material  or  an  indiarubber  stopper  carrying  the 
zinc,  and  must  be  hermetically  sealed,  to  protect  the 
caustic  soda  solution  which  would  otherwise  absorb 
carbon  dioxide  from  the  air  (fig.  40). 

109.  Dry  batteries.— Of  late  there  have  been 
several  so-called  dry  batteries  put  forward  and  these  are 
in  many  ways  exceedingly  convenient.  These  are 
sealed  cells  usually  of  the  Leclanche  type.  They  will 
work  in  any  position  and  require  no  special  attention 
whatever,  at  the  same  time  it  must  be  remembered  that 
all  sealed  forms  of  cell  have  a  capacity  for  work  strictly 
limited  by  the  original  charge  of  chemicals,  and  cannot 
be  restored  to  action  when  run  down  by  the  addition  of 
fresh  exciting  liquid.  The  oldest  form  is  called  Gassner's 
dry  cell.  In  this  the  zinc  plate  is  shaped  like  a  canister 
and  forms  the  containing  vessel  of  the  cell,  it  is  lined 
(jacketted)  with  a  layer  of  oxide  of  zinc  and  inside  this  is 
the  carbon  and  manganese  dioxide.  The  whole  is  mixed 
with  sal  ammoniac  and  other  salts  and  packed  moist. 
Cells  of  similar  type  can  be  obtained  from  the  Electric 
Power  Storage  Company,  from  the  Electric  Supply 
Company,  and  from  Messrs  Siemens  Bros. 

The  dry  battery  lately  brought  out  by  Messrs  Siemens, 
Bros.^  and  Co.  under  the  name  of  "  Hellesen's  patent  dry 
cell "  seems  to  work  very  satisfactorily  (fig.  41).  Like  the 
other  dry  cells  it  appears  to  be  a  modified  Leclanche  bat- 
tery as  the  poles  consist  of  amalgamated  zinc  and  carbon 
and  the  exciting  salt  is  sal  ammoniac,  while  the  depo- 
lariser  is  manganese  dioxide.     A  cell  measuring  three 
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inches  by  three  inches  by  six  and  a  half  inches  weighed 
about  three  pounds  and  a  quarter,  had  an  electromotive 
force  of  I '4  volts  and  a  resistance  of  about  -07  ohms. 
The  electromotive  force  scarcely  changed  with  tempera- 
ture. After  being  short  circuited  through  an  external 
resistance  of  three  ohms  for  thirty-six  hours  the  internal 
resistance  had  risen  to  -17  ohms.  After  one  hour  of 
such  short  circuiting  the  electromotive  force  had  fallen 
to  I  volt  and  after  24  hours  to  -34  volt  but  after  24 


Fig.  41. — Hellesen's  patent  dry  cell. 

hours  rest  it  had  recovered  to  i-o8  volts.  This,  con- 
sidering the  severity  of  the  treatment,  is  a  most  satisfac- 
tory result.  Mr.  Shelfovd  Bidiwll  has  made  some  tests 
of  these  cells  and  has  found  them  capable  of  giving  a 
current  for  a  few  seconds  of  over  twelve  amperes.  He 
was  able  to  light  a  small  lamp  of  two  and  a  half  candle 
power  with  six  of  them  in  series  and  found  that  the 
current  fell  off  in  two  minutes  by  about  7  per  cent. ; 
when  six  large  bichromate  cells  were  used  the  cur- 
rent decreased  in  the  same  time  by  more  than  20  per 
cent.    From  this  it  appears  that  while  such  cells  would 
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be  perfectly  competent  to  do  the  work  that  the  medical 
man  ordinarily  requires  of  a  Leclanche,  several  of 
them  might  at  a  push  be  successfully  used  to  heat  a 
cautery  or  light  a  glow  lamp. 

Mr.  Coxeter  is  at  present  preparing  a  new  form  of  dry 
cell  on  the  principle  of  Daniell's  battery,  replacing  the 
fluid  by  a  jelly  containing  the  depolarizing  compounds. 
The  electromotive  force  is  a  little  less  than  a  volt  but 
no  tests  of  sufficient  length  have  yet  been  made  as  to 
Its  durability.  From  some  preliminary  tests  it  would 
appear  to  possess  good  qualities. 

no.  The  sulphate  of  mercury  battery  A  bat- 
tery that  has  been  largely  used  for  medical  purposes, 
especially  in  the  portable  faradic  coils  sold  by  M.  Gaiffe 
of  Paris,  consists  of  plates  of  zinc  and  carbon  in  solution 
of  sulphate  of  mercury.    In  some  ways  this  is  a  con- 
venient form  of  battery  but  it  is  hardly  to  be  recom- 
mended as  it  is  very  dirty.     In  the  form  mentioned 
above  two  cells  are  generally  supplied.    There  are  trays 
of  gas  carbon  on  which  is  placed  a  small  quantity  of  the 
commercial  sulphate  of  mercury,  probably  consisting  of 
a  mixture  of  mercuric  and  mercurous  salts,  and  a  little 
water ;  the  zinc  plates  are  then  laid  on  this  and  are  kept 
from  contact  with  the  carbon  by  three  vulcanite  studs. 
Ihe  electromotive  force  is  about  1-45  volts.     There  are 
several  forms  of  this  battery,  one  has  been  much  adver- 
tised under  the  name  of  the  SchanschiefF  battery 

III.  Latimer  Clark's  standard  cell.-With  the 
sulphate  of  mercury  battery,  this  cell,  which  has  been 
thoroughly  investigated  by  Lord  Rayleigh  as  a  standard 
of  electromotive  force,  must  be  mentioned.  It  consists 
of  a  short  glass  tube  through  the  bottom  of  which  a 
platinum  wire  is  sealed,  a  little  pure  redistilled  mercury 
IS  poured  in  and  on  this  there  is  a  paste  of  protosulphate 
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of  mercury.  Over  this  is  a  saturated  solution  of  pure 
sulphate  of  zinc  in  which  is  suspended  a  rod  of  pure 
zinc.  The  electromotive  force  of  such  a  cell' is  i'434 
volts  at  15°  C.  and  it  falls  about  -001  volt  for  every  in- 
crease of  1°  C.  Such  cells  must  never  be  short  circuited 
and  are  only  used  for  comparison  of  electromotive 
forces.  A  form  of  this  cell  put  up  for  testing  purposes 
with  a  thermometer  is  sold  by  instrument  makers. 

112.  Stohrer's  battery,  which  is  largely  sold  to  medi- 
cal men,  is  a  compact  though  clumsy  form  of  bichromate 
battery.  The  elements,  zinc  and  carbon,  are  arranged 
in  a  double  row  on  a  wooden  bar,  so  that  a  double  row 
of  glass  or  earthenware  cells  containing  the  exciting 
fluid  can  be  raised  up  to  them  in  such  a  manner  that 
the  correct  pairs  of  plates  dip  into  each  cell  (see  fig.  42). 

The  battery  may  be  made  up  to  contain  20,  30,  40, 
or  even  60  cells,  these  form  a  double  row  in  a  strong 
oak  box,  and  a  beam  of  wood  with  a  deep  channel  cut 
in  it  extends  from  end  to  end  of  the  box  in  the  middle 
line;  the  pairs  of  plates  are  all  suspended  from  this 
beam  by  stout  brass  rods,  which  convey  the  current 
from  the  cells  to  the  travelling  collector.  Each  row  of 
cells  has  its  plates  coupled  up  in  series  by  brass  con- 
nexions, and  is  not  connected  with  the  other  row  except 
at  one  end  where  the  zinc  of  the  end  cell  in  one  row  is 
connected  by  a  wire  with  the  carbon  of  the  corresponding 
cell  of  the  other  row.  Thus  the  cells  in  the  two  rows 
face  in  opposite  directions,  and  the  plates  form  an  un- 
broken alternate  series  from  end  to  end  of  the  battery. 

Cells  can  be  taken  up  into  circuit  by  twos,  starting 
from  the  end  of  the  box,  where  the  cross  connexion 
occurs,  and  the  beam  carries  numbers,  2,  4,  6,  &c.,  by 
which  the  collector  can  be  set  to  include  the  indicated 
number  of  cells.     So  when  the  collector  is  set  at  six, 
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there  are  six  cells  in  series  in  circuit,  three  being  taken 
from  each  of  the  rows  of  cells,  and  the  number  of  cells 
in  circuit  can  be  altered  by  steps  of  two  at  a  time,  so 
that  any  even  number,  from  two  upwards,  can  be  in- 
cluded. 

The  collector  which  slides  in  the  groove  of  the  beam 
carries  two  flat  brass  springs  which  make  connection 
with  the  brass  rods  from  which  the  pairs  of  plates  hang. 


Fig.  42. — .3tbhrer's  battery. 

From  the  springs  the  current  is  led  through  a  com- 
mutator (§  126)  to  a  pair  of  binding  screws,  and  from 
these  the  wires  may  be  led  to  the  place  where  the 
current  is  required.  It  may  be  noticed  that  Stohrer's 
battery  was  originally  designed  for  use  with  dilute  acid 
only,  as  in  Walker's  modification  of  Smee's  cell,  but  the 
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addition  of  the  chromic  acid  depolarizer  obviously  im- 
proves its  action. 

The  battery  is  not  portable  owing  to  the  quantity  of 
corrosive  liquid  in  the  cells,  and  it  is  very  troublesome 
and  difficult  to  keep  it  clean,  and  its  zinc  plates  amalga- 
mated.   It  is  therefore  not  to  be  recommended. 

113.  Accumulators  or  secondary  batteries. — 
Many  different  forms  of  cautery  batteries  are  sold  by 
instrument  makers.  These  are  usually  arrangements 
of  the  bichromate  cell,  so  set  up  as  to  diminish  its 
internal  resistance.  Some  have  single  plates  of  large 
size,  and  others  have  in  each  cell  many  plates  of  zinc 
and  carbon  arranged  alternately  in  close  proximity  to 
each  other.  The  trouble  and  expense  of  charging  them 
and  the  corrosive  nature  of  the  exciting  fluid  are  grave 
objections  to  their  use,  and  it  is  no  longer  necessary  for 
the  surgeon  to  be  dependent  on  them,  for  their  place  is 
well  filled  by  storage  cells  or  accunmlators,  which  can  be 
easily  bought  or  hired,  at  any  rate  in  our  large  towns. 
A  so-called  secondary  battery  in  reality  only  differs  from 
a  primary  battery  of  any  of  the  types  that  we  have  been 
describing,  in  that  when  it  is  run  down  and  exhausted 
it  may  be  renewed  by  driving  an  electric  current  into  it 
and  thus  setting  up  an  electrolysis  that  brings  the 
chemicals  used  back  to  their  former  state,  while  in  the 
primary  batteries  it  is  necessary  to  renew  the  Avhole  of  the 
chemicals.  It  is  therefore  a  misnomer  to  speak  of  the 
"  storage  of  electricity."  There  is  no  more  actual 
storage  of  electricity  in  one  of  these  batteries  than  in  a 
primary  battery.  Either  may  be  looked  upon  as  a  store 
of  energy,  and  in  both  the  energy  stored  is  energy  of 
chemical  action.  Secondary  batteries  are  generally  of 
one  of  two  types,  in  both  of  w^iich  the  plates  are  of  lead. 
The  older  cell  of  the  Plantc  and  Faure  type  had  porous 
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lead  plates,  placed  in  dilute  sulphuric  acid  as  the  elec- 
trolyte, these  cells  then  require  "  forming,"  that  is,  they 
are  connected  up  in  series  and  a  current  passed  through 
them  for  a  certain  time,  and  they  are  then  allowed  to 
discharge  themselves  through  a  resistance,  they  are 
then  charged  in  the  opposite  direction  and  allowed  to 


Fig.  43.— Accumulator  in  glass  vessel,  showing  arrangement  of  plates. 

discharge  again,  and  this  process  is  repeated  several 
times.  The  object  of  this  "forming"  process  is  to  in- 
crease their  capacity.  These  cells  are  costly  and  heavy 
and  the  plates  become  very  rotten,  but  they  possess  the 
advantage  that  they  may  be  fully  discharged  without 
damage,  while  it  will  be  seen  that  the  other  type  of  cell 
is  seriously  impaired  if  allowed  to  fully  discharge  itself. 
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The  other  type  of  cell  is  that  usually  supplied  by  the 
large  electric  lighting  companies  and  it  is  often  known 
as  the  "  E.  P.  S."  (Electrical  Power  Storage)  cell;  the 
plates  are  perforated  grids  of  lead,  or,  in  the  latest  cells, 
an  alloy  of  lead  which  is  stronger  than  the  pure  metal. 

The  holes,  which  are  filled  with  a  composition,  are 
slightly  tapered  from  the  middle  of  the  thickness  of  the 
grid,  and  this  undercutting  prevents  the  paste  from 
falling  out  so  easily  as  it  would  otherwise  do.  The 
grids  which  are  intended  to  be  positive  plates  have  in 
the  latest  forms  rather  larger  holes  than  those  which 
are  to  be  negative,  and  it  has  been  proposed  to  make 
them  entirely  of  peroxide  of  lead,  doing  away  with  the 
lead  grid  altogether.  The  holes  in  the  positive  plates 
are  filled  with  a  paste  made  of  red  lead  or  puce  coloured 
oxide  (peroxide)  of  lead  and  dilute  sulphuric  acid,  which 
sets  fairly  hard  in  them.  Those  in  the  negative  plate 
are  filled  with  a  paste  of  litharge  and  sulphuric  acid. 
The  plates,  formed  into  "  sections "  of  positive  and 
negative  plates  arranged  alternately,  are  placed  in  the 
cells,  and  these  are  filled  up  with  dilute  sulphuric  acid 
of  sp.  gr.  I '170  and  they  are  ready  for  the  first  process 
of  charging.  This  is  called  "forming"  the  cells,  and 
consists  in  charging  them  for  a  very  long  period,  say 
about  thirty  hours.  The  sp.  gr.  of  the  acid  rises  in  this 
time  to  about  i-2io  and  when  the  charging  is  complete 
the  liquid  has  a  milky  appearance  owing  to  the  bubbles 
of  electrolytic  gas  given  off"  from  the  plates  from  the 
decomposition  of  the  water  in  the  electrolyte.  If  the 
positive  plates  have  been  pasted  with  peroxide  of  lead 
the  cells  will  not  require  so  long  a  forming.  When  a 
cell  has  just  been  charged  it  will  be  found  to  have  an 
electromotive  force  of  nearly  2-5  volts,  but  this  quickly 
falls  to  about  2*2  volts,  even  if  the  cell  is  left  on  open 
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circuit,  and  after  a  short  discharge,  the  cell  only  gives 
about  2  volts.  When  the  cells  are  discharging  the 
electromotive  force  is  maintained  till  about  75  per  cent, 
of  the  ampere  hours  that  the  cell  will  give  has  been 
done,  and  then  the  electromotive  force  begins  to  fall 
again.  However,  as  the  batteries  must  never  be  dis- 
charged beyond  this  point  this  is  no  drawback  to  their 
use,  but  rather  an  advantage,  as  by  the  use  of  a  volt- 
meter (§  131)  such  as  is  supplied  for  the  purpose  by  the 
E.  P.  S.  company  and  others,  it  is  always  possible  to 
test  each  cell  of  the  battery  and  discover  when  it  re- 
quires recharging.  It  may  be  taken  as  a  general  rule 
that  as  soon  as  the  electromotive  force  of  a  cell  falls 
below  2  volts  or  i-g  at  the  lowest  that  cell  should  at 
once  be  recharged.  It  would  be  out  of  place  here  to 
enter  into  the  reasons  for  this.  Suf&ce  it  to  say  that  if 
it  is  not  attended  to  higher  sulphates  of  lead  are  liable 
to  form  in  the  cell  which  increase  its  internal  resistance 
and  decrease  its  storage  capacity  and  the  grids  are 
liable  to  buckle  and  lose  their  paste. 

It  is  not  easy  to  give  much  idea  of  the  storage  capa- 
city of  these  cells,  but  a  well  designed  one  should  be 
capable  of  giving  about  5  to  7  ampere  hours  per  pound 
of  lead. 

The  internal  resistance  of  a  storage  cell  is  almost 
infinitesimal  when  it  is  in  good  order,  and  may  generally 
be  neglected  in  calculations  concerning  them  unless  a 
very  large  number  are  coupled  up  in  series,  since  the 
current  that  may  be  taken  out  of  the  cell  is  limited  by 
other  considerations.  It  is  found  that  the  density  of 
current  (§  68)  in  a  storage  cell  should  not  exceed  -065 
ampere  per  sq.  cm.  of  positive  plate.  If  this  limit  is 
exceeded,  the  paste  is  liable  to  leave  the  plates.  It  is, 
however,  sufficient  for  all  practical  purposes,  for  the 
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largest  size  of  E.  P.  S.  cell  can  give  a  current  of  60 
amperes.  It  is  not  necessary  to  go  thoroughly  into  all 
the  troubles  that  may  arise  if  accumulators  are  misused, 
it  is  sufficient  merely  to  give  a  warning  as  to  the  modes 
of  treatment  that  will  certainly  damage  the  cells.  First 
and  foremost  among  them  is  the  practice  of  flashing  the 
cells  to  see  if  they  are  in  working  order,  viz.,  taking  a 
spark  from  them  by  clamping  a  thick  wire  to,  say  the 
negative  pole,  and  touching  the  positive  pole  with  the 
other  end  of  the  wire.  This  treatment  loosens  the  paste 
and  tends  to  set  up  deleterious  sulphating  in  the  cells. 
They  should  always  be  tested  with  a  proper  voltmeter  or 
with  a  glow  lamp  of  the  right  size.  Next,  when  a  large 
current  is  to  be  taken  from  the  cells,  e.g.,  one  approach- 
ing the  maximum  permissible  current,  the  cells  shoidd 
not  be  suddenly  turned  on  but  "  eased  down  "  through 
a  resistance.  That  is  to  say,  if  a  large  cautery  is  to  be 
heated,  a  resistance  should  be  included  in  the  circuit 
which  can  be  decreased  till  the  required  current  is  ob- 
tained. The  cells  must  never  be  allowed  to  fully  dis- 
charge themselves,  they  should  be  tested  from  time  to 
time,  and  as  soon  as  the  electromotive  force  of  a  cell 
sinks  to  i-g  volts  that  cell  must  be  disconnected  and 
recharged.  Further  information  will  be  found  in  Sir 
D.  Salomons'  book,  "  Management  of  Accumulators." 

1 14.  The  internal  resistance  of  a  cell,  though  a  most 
important  factor  in  calculations  concerning  the  best  ar- 
rangement of  batteries  for  any  particular  purpose,  is  so 
indefinite  a  quantity,  and  varies  so  much  with  the  size, 
nature,  and  plan  of  construction  of  the  cell,  that  it  is 
impossible  to  say  anything  very  definite  about  it,  much 
less  to  tabulate  it  for  the  different  forms  of  batteries. 
An  internal  resistance  which  at  all  nearly  approaches  an 
ohm  makes  a  battery  useless  for  cautery  heating  or 
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electric  light.  A  Smee's  battery  in  which  the  plates  are 
one  centimetre  apart  and  ten  by  live  centimetres  in  area 

Table  of  Batteries. 


Name. 


2.  Bichromate 

3.  Sulphate  ol 
Mercury 

4-  Latimer 
Clark's  stan 
dard  cell 


5.  Daniell 

6  Grove 

7.  Bunsen 

8.  Lalande  and 
Chaperon 

9-  De  la  Rue 

10.  Skrivanoff 

11.  Leclanche 


12.  Coxeter 
13  Gassner 

14.  Hellesen 

15.  Secondary 
battery 


Active 

f  LATE 


Zinc 


E.\CITANT. 


Dilute  sulphuric 
acid,  1-8 
„  i-S 
1-20 

Zinc  sulphate 


Depolarizer. 


Passive 
Plate. 


None 

Chromic  acid 
lAcid  sulphate 
'    of  mercury 
I  Mercurous 
sulphate 


Lead 


Zinc  sulphate  or 
dilute  sulphuric 

acid,  i-iz 
Dilute  sulphuric 
acid 


Sodium  or  po 
tassium  hydrate 
40  per  cent. 
Ammonium 
chloride  satur- 
ated solution 
Sodium  or  po- 
tassium hydrate 
75  per  cent. 
Ammonium 
chloride  satur- 
ated solution 

Zinc  sulphate 
Ammonium 
chloride 
II 

Dilute  sulphuric 
acid,  sp.  gr.  1-170 


Copper  sul- 
phate in 
porous  pot 
Strong 
nitric  acid 
in  porous 
pot 

Cupric  oxide 

Silver  chlo- 
ride 


Manganese 
dioxide  with 
or  without 
porous  pot 
Cupric  salt 
Manganese 
dioxide 

Lead  peroxide 


Platinized 
silver 
Carbon 


Mercury 


Copper 

Platinum 
Carbon 
Iron  or  cofper 

Silver 


Carbon 


Copper 
Carbon 


Lead 


CJ  [4  H 
I.  a  >  J 
<  J  d  o 


I '9 

I '5 

i'43S 
legal 
volts. 

I '434 
true 
volts. 
I  079 


I  9 
■7 


I '5 
1-48 


?  I 
I '5 

'■5 
2 


would  have  a  resistance  of  about  -05  ohm  as  calculated 
from  the  specific  resistance  of  the  acid  used,  but  owing 
to  real  rise  of  internal  resistance  and  fall  of  electro"^ 

*  In  cells  marked  thus  the  zinc  is  not  always  amalgamated. 
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motive  force  due  to  polarization  the  apparent  inter- 
nal resistance  when  in  use  is  much   greater.  The 
resistance  of  the  bichromate   cell  depends  upon  its 
size   and   make,    generally    speaking    in    the  types 
manufactured  for  cautery  heating  and  for  lighting  it  is 
made  as  low  as  possible  and  is  very  small.     The  resis- 
tance of  Daniell's  cell  depends  on  its  size  and  the  thick- 
ness of  the  porous  pot  used  and  varies  from  about  -3  to 
3  ohms.    A  quart  Grove  cell  has  a  resistance  of  about 
•15  ohm.    Lalande  and  Chaperon's  battery  is  made  in 
several  different  shapes,  in  the  most  typical  form  the 
internal  resistance  may  be  brought  as  low  as  -03  ohm. 
Although  initially  the  resistance  of  a  chloride  of  silver 
battery  is  very  high  owing  to  the  bad  conductivity  of 
the  silver  salt,  as  soon  as  a  small  quantity  of  this  has 
been  reduced  to  metal  the  resistance  falls  and  may  be 
very  low  indeed.     That  of  a  Leclanche  cell  varies  from 
about  -5  in  the  largest  sizes  to  two,  three,  or  five  ohms 
in   the   smallest   ones.     The  internal  resistance  of 
Gassner's  dry  cell  is  said  to  vary  very  irregularly  in 
use,  that  of  the  Hellesen  battery  is  given  by  the  makers 
as  from  -05  to  7  ohm  according  to  size.    The  secondary 
batteries  all  have  a  very  low  internal  resistance  indeed, 
according  to  the  number  and  size  of  the  plates.  Thus 
it  will  be  seen  that  it  is  advisable  for  every  owner  of  a 
battery  to  determine  its  internal  resistance  for  himself. 

115.  On  the  choice  of  a  battery. — Medical  men 
are  frequently  asking  for  advice  as  to  the  choice  of  a 
battery.  They  would  like  to  have  one  which  would 
answer  all  the  purposes  for  which  it  could  possibly  be 
required,  which  would  be  portable  and  cheap,  and  would 
not  require  constant  or  frequent  attention.  At  present 
it  is  not  possible  to  combine  all  these  properties  in  one 
battery.    It  is  probable  that  two  separate  outfits  at 
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least  will  be  required,  and  if  many  patients  are  to  be 
treated  perhaps  more.  Where  possible  it  is  far  more 
convenient  to  bring  the  patient  to  the  battery  than  to 
carry  about  a  portable  battery  to  the  patients,  but 


Fig.  44.— Coxeter's  combined  battery. 

where  this  is  not  possible,  portability  must  be  made  the 
f^rst  object.  Small  and  portable  batteries  are  sold  by 
the  various  instrument  makers  consisting  of  from  30  to 
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60  cells  arranged  in  a  case  and  fitted  with  commutator, 
current  collector,  faradic  coil  and  galvanometer.  These 
are  quite  suitable  for  testing  the  reactions  of  nerve  and 
muscle,  for  galvanisation,  or  the  electrolysis  of  small 
nsevi.     The  cells   used   are   most   commonly  of  the 
Leclanche  type,  or  may  be  of  the  type  of  so  called 
"  dry "  cells  that  are  now  on  the  market.     Owing  to 
their  small  size  they  have  necessarily  a  high  internal 
resistance  and  if  any  considerable  current  is  required  to 
be  taken  from  them,  the  plates  quickly  prove  unequal  to 
the  task  and  become  polarized  or  even  permanently 
damaged  thereby.    For  those  uses  to  which  they  are 
most  adapted,  their  high  internal  resistance  does  not 
matter  much,  since  it  is  small  in  comparison  with  the 
resistance  of  the  human  body  which  amounts  to  from 
one  thousand  to  three  thousand  ohms,  but  their  ten- 
dency to  polarize  and  their  small  capacity  is  far  more 
serious  as  it  compels   their   frequent   renewal.  Mr. 
Coxeter  and  Mr.  Schall  have  both  given  much  attention 
to  this  form  of  battery  and  their  catalogues  may  be 
consulted  by  those  wishing  to  purchase  anything  of  the 
sort.    If  electro-diagnosis  and  faradic  currents  only  are 
required  fewer  cells  are  needed  and  there  are  many  con- 
venient portable  forms  in  the  market.     Several  par- 
ticularly compact  ones  are  sold  by  M.  Gaiffe  of  Paris. 
These,  however,  are  mostly  fitted  with  the  somewha" 
imperfect  sulphate  of  mercury  element. 

The  electrolysis  of  naevi  is  an  operation  which  taxes 
small  Leclanche  cells  to  the  utmost,  requiring  as  it 
does  a  current  of  from  60  to  200  miUiamperes,  and  if  a 
battery  of  these  cells  be  much  used  for  this  operation 
then  frequent  renewals  will  become  necessary,  and 
make  the  small  battery  more  expensive  than  a  large  one 
As  a  general  rule  it  is  wasteful  to  use  small  portable 
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cells  unless  the   circumstances  of  the  case  make  it 
difficult  to  use  large  ones. 

When  portability  is  not  a  sine  qua  non  the  difficulties 
of  the  choice  are  greatly  lessened,  for  sixty  large  cells 
suitably  arranged  (§  69)  will  give  enough  current  for 
all  purposes.    The  Hellesen  type  of  dry  cell  seems  to 
be  a  very  promising  one,  since  its  internal  resistance  is 
low  and  its  tendency  to  polarize  is  small ;  it  may  even 
at  a  pinch  be  possible  to  heat  a  cautery  with  a  sufficient 
number  of  these  arranged  in  parallel ;  and  with  five  or 
six  arranged  in  series  so  as  to  give  sufficient  electro- 
motive force,  a  small  lamp  for  a  cystoscope  or  other 
instrument  can  certainly  be  lighted.   As  a  rule  for  a  fixed 
installation  for  galvanic  and  faradic  work  sixty  large 
Leclanche  cells  are  fitted  up,  and  these  are  convenient  as 
they  require  little  attention  and  remain  in  good  order  for 
long  periods.   They  will  also  furnish  sufficient  current  for 
electrolysis  of  nsvi,  &c.,  but  hardly  for  an  electric  bath. 
For  this  latter  a  bichromate  battery  of  Dr.  Stohrer's 
type  is  generally  used  but  it  would  appear  that  the 
Hellesen  battery  is  as  suitable  for  the  work  and  far 
more  convenient.    A  battery  for  dealing  with  low  ex- 
ternal resistances  such  as  cauteries  and  lamps  must  be 
of  an  entirely  different  type.    Bichromate  batteries  have 
been  and  still  are  largely  used  for  these  purposes  m  spite 
of  their  many  disadvantages.     But  they  are  always 
so  troublesome  and  wasteful  and  the  violently  caustic 
Hquid  that  they  contain  makes  them  so  inconvenient  to 
carry  that  they  cannot  be  recommended.    The  qualities 
required,  so  far  as  the  electrical  part  of  the  work  is  con- 
cerned, are  low  internal  resistance  and  absence  of  polar- 
ization, while  a  high  electromotive  force  is  not  neces, 
sary     Of  course  absence  of  polarization  may  be  taken 
to  imply  the  ability  to  supply  a  large  current.  Except 
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for  their  weight  there  can  be  no  better  battery  than  a 
few  cells  of  the  secondary  type,  but  unfortunately  the 
quantity  of  lead  that  they  contain  makes  them  exceed- 
ingly heavy.     These  cells  have  an  intrinsically  high 
electromotive  force,  and  are  not  difficult  to  manage  if 
the  precautions  indicated  in  §  113  are  attended  to.  A 
battery  of  four  or  six  small  storage  cells  in  a  case  can 
be  closed  so  that  no  acid  can  splash  out,  and  with  a 
switch  board  so  arranged  that  they  can  be  connected  in 
parallel  or  series  as  required,  with  an  open  wire  resist- 
ance for  regulation,  and  an  ammeter,  can  be  made  into 
a  compact  and  convenient  if  somewhat  heavy  instru- 
ment.   With  such  a  battery  arranged  with  the  cells  in 
parallel  almost  any  low  resistance  cautery  could  be 
heated,  and  arranged  in  series,  there  would  be  sufficient 
electromotive  force  to  light  any  ordinary  surgical  lamp. 

It  is  possible  that  some  of  the  so-called  dry  cells  of  a 
larger  size  that  are  now  being  brought  out  may  be 
capable  of  doing  the  work  required,  but  at  present  ac- 
cumulators seem  to  be  the  most  convenient  form  of 
battery  the  surgeon  can  use  for  low  resistance  work 
though  they  are  of  course  useless  for  high  resistance 
work  as  so  large  a  number  would  be  required. 

116.  Care  of  batteries.— It  would  seem  to  be  ad- 
visable before  leaving  the  subject  of  the  battery  to  say  a 
httle  as  to  the  care  of  a  battery.  In  the  most  modern 
types  such  as  the  chloride  of  silver,  Hellesen's, 
Gassners  and  other  closed  cells,  no  attention  need  be 
given  so  long  as  the  electromotive  force  remains  at  its 
normal  value,  except  that  the  cells  must  not  be  left 
short  circuited  and  should  be  kept  clean,  while  care 
must  be  taken  never  to  draw  from  them  a  larger  current 
than  they  are  intended  to  give.  Of  course  when  the 
electromotive  force   shows   any  considerable  signs  of 
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falling  off  it  is  time  to  have  the  cells  renewed.  Enough 
has  probably  been  said  in  §  113  as  to  the  care  of  storage 
cells.  Leclanche  batteries  also  require  but  Httle  atten- 
tion, beyond  occasionally  filling  them  up  to  the  proper 
level  with  water  to  make  up  for  loss  by  evaporation. 
Should  the  exciting  liquid  show  a  tendency  to  creep  up 
the  sides  of  the  cells  this  should  be  stopped.  The  usual 
method  is  to  coat  the  upper  part  of  the  cells  with 
paraffin  wax  for  a  . depth  of  an  inch  or  so  inside  and  out. 

The  batteries  that  really  need  attention  are  those  m 
which  the  exciting  Hquid  is  dilute  acid,  so  that  what  is 
here  said  on  the  subject  will  apply  to  the  following 
types,  Smee's,  Grove's,  Bunsen's,  Daniell's  and  bichro- 
mate cells  and  also  to  a  certain  extent  to  sulphate  of 
mercury  batteries.     The  first  and  most  important  point 
to  be  considered  in  all  these  cases  is  that  all  contacts 
shall  be  bright  and  clean  so  that  there  is  good  metallic 
connection  wherever  it  is  wanted,  and  too  much  trouble 
cannot  be  expended  on  this.     An  old  file  and  a  piece 
of  coarse  emery  cloth  well  applied  will  do  wonders 
here      Then  the   zincs  must  be  well  amalgamated. 
They  should  be  scraped  and  brushed  to  show  a  moder- 
ately clean  surface  and  wetted  with  dilute  acid,  and 
then  mercury  to  which  a  little  solution  o    nitrate  of 
mercury  or  a  few  drops  of  nitric  acid  have  been  added 
should  be  well  rubbed  in  with  a  piece  of  stick;  a  piece  ot 
firewood  somewhat  rotten  and  shredded  by  the  action  of 
the  acid  does  very  well.    The  surface  of  the  zmc  when 
properly  amalgamated  appears  to  be  wetted  by  the 
mercury  at  every  point.     If  this  is  P-P-^y -'^"f^;;; 
there  will  be  little  loss  from  local  action  m  the  ba  tery. 
In  filling  Bunsen's  and  Grove's  batteries  care  should  be 
taken  that  the  nitric  acid  does  not  spill  into  the  com- 
partments for  the  zinc,  and  .fter  use  the  liqmds  may  be 
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Stored  separately  for  future  use  until  exhausted.  These 
batteries  should  always  be  dismounted  when  done  with 
and   carefully  cleaned   before   storing  away  a  little 
trouble  spent  here  will  save  a  great  deal  when  the  bat 
tery  is  required  again.    Bichromate  cells  want  constant 
attention.     It  is  not  easy  to  tell  when  the  exciting 
hquid  IS  exhausted  and  as  it  is  very  opaque  it  is  also 
difficult  to  tell  If  there  are  many  crystals  formed  in  it 
If  sodium  bichromate  be  used  instead  of  the  potassium 
salt  the  tendency  to  crystallize  is  much  reduced  since 
the  sodium  chrome  alum  is  far  more  soluble  than  the 
corresponding  potassium  salt.    In  any  case  the  carbon 
plates  should  be  occasionally  soaked  in  warm  water  and 
sometimes  brushed  with  a  hard  or  wire  brush.     On  no 
account  should  the  zincs  be  left  in  the  chromic  solution 
when  not  m  use  as  it  attacks  even  pure  zmc  with  some 

Sulphate  of  mercury  batteries  are  somewhat  messy 
•  to  use  and  should  always  be  well  cleaned.     It  is  well  o 
remember  too  that  mercury  contaminated  with  acS 
salts  of  mercury  amalgamates  most  metals  more  easilv 
than  pure  mercury.    It  is  perhaps  hardly  necessary  o 

t^Z^r  must  Te  car  ! 

luily  kept  from  contact  with  mercury 

toluard'""'  perpetually  exercised 

117   f '  accidental  or  intentional  short  circuit- 

ng  for'fa  '^"^^^        ^^^^  short  circ"  - 

mg  for  many  mmutes,  and  the  batteries  most  used  in 

When  a  battery  has  been  dismounted  and  put  to- 
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gether  again,  especially  if  it  has  many  complex  connex- 
ions there  is  a  danger  that  the  positive  pole  may  have 
been  accidentally  connected  to  the  binding  screw  marked 
negative  and  vice  versci.    This  is  sometimes  the  case 
even  when  the  repairs  have  been  done  by  an  instrument 
maker.    This  is  an  important  point  because  confusion 
of  the  poles  may  lead  to  serious  mistakes  and  even  to 
injury  to  the  patient.     All  risk  can  be  done  away  with 
by  the  use  of  some  method  of  testing  the  polarity  of  the 
electrodes.    Pole  testers  are  made  by  electrical  instru- 
ment makers  and  a  neat  form  is  sold  by  Messrs.  Wood- 
house  and  Rawson.    It  is  very  easy,  however,  to  improvise 
such  a  thing.    A  piece  of  wet  litmus  paper  on  a  sheet  of 
glass,  will  show  by  changes  in  colour  at  the  electrodes 
which  is  the  positive  and  which  the  negative  pole.  The 
ends  of  the  circuit  must  be  rested  on  the  paper  for  a  few 
minutes,  electrolysis  will  take  place  and  the  litmus  will 
be  reddened  by  the  acid  liberated  at  the  anode  or  posi- 
tive pole,  and  will  turn  blue  at  the  kathode  or  negative 
pole     Many  other  reagents  have  been  proposed,  a  solu- 
tion of  phenol-phthalein  in  dilute  alcohol  contained  m  a 
vessel,  into  which  the  poles  can  be  dipped  answers  very 
well,  giving  a  purple  red  colour  at  the  kathode  or  nega- 
tive pole.  . 

117  Use  of  electric  lighting  currents.-It  is 
hardly  likely  that  the  dynamo  will  be  much  used  at 
present  by  medical  men  as  a  generator  of  the  electric 
current,  no  account  therefore  need  be  given  of  it  here, 
we  need  only  refer  the  student  to  works  on  the  subject 
of  which  a  few  were  indicated  in  §  77-  But  the  distri- 
bution of  current  for  lighting  purposes  is  becoming  more 
and  more  universal  daily,  and  it  is  probable  that  in  the 
course  of  the  next  few  years  there  will  be  few  large 
towns  in  which  it  will  be  impracticable  for  medical  men 
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to  have  current  brought  into  their  houses  from  the  town 
mains.    Whether  the  system  be  that  of  the  direct  or 
alternate  current  it  will  be  possible  to  obtain  power  by 
means  of  electric  motors  from  this  source  and  no  doubt 
this  source  of  power  will  be  largely  used  in  surgery  as  it 
already  is  in  dentistry.     It  will  also  be  possible,  though 
^perhaps  dangerous,  to  make  use  of  these  currents  di- 
rectly or  indirectly  in  ordinary  medical  work.     It  is 
usual  for  the  current  to  be  so  distributed  that  there  is  a 
difference  of  potential  of  about  100  volts  maintained 
between  the  mains,  no  matter  what  current  in  modera- 
tion is  taken  out.    In  the  case  of  direct  current  distri- 
bution no  doubt  the  best  method  of  utilizing  the  current 
so  supplied  is  to  charge  accumulators  with  it  arranged 
m  series,  and  these  can  be  rearranged  according  to  the 
principles  set  out  in  Chapter  III.  to  suit  the  work  in 
hand.    But  when  alternate  current  is  supplied  this  is 
not  feasible.     Neither  would  it  be  practicable  in  many 
cases  to  use  the  current  direct,  inserting  sufficient  resis- 
tance to  keep  it  down  to  a  manageable  size,  since  by  this 
means  much  energy  would  be  wasted.     For  example,  if 
it  were  required  to  heat  a  cautery  of  resistance  -i  ohm 
and  taking  25  amperes  it  would  be  necessary  to  insert 
m  the  circuit  a  resistance  equivalent  to  3-9  ohms  and 
the  energy  used  in  heating  the  cautery  would  be  but 
one-fortieth  of  that  spent  in  uselessly  heating  the  rest  of 
the  circuit.    Recourse  is  therefore  had  to  transformeys. 

118.  Transformers.— The  action  of  a  transformer 
will  be  understood  by  a  reference  to  §  76,  in  which  that 
of  the  induction  coil  is  described.  In  that  paragraph  it 
was  explained  how  the  passage  of  an  interrupted  current 
of  moderate  electromotive  force  in  the  primary  of  the 
coil  caused  an  alternating  current  of  high  electromotive 
force  in  the  secondary  coil. 
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By  the  pnnciple  of  the  conservation  of  energy  we  see  that,  mak- 
ing no  allowance  for  loss  from  heating  or  faulty  design  of  the 
coU,  the  energy  expended  in  the  primary  is  equal  to  the  energy  fur- 
nished in  the  secondary,  hence  in  practice  it  is  found  that  the  elec- 
trical work  of  the  secondary  coil  is  somewhat  less  than  that  ex- 
pended in  the  primary.  Now  the  work  that  a  current  can  do  is 
expressed  by 

W  =  E  C  f  (see  §§  54  and  70). 
Hence  we  should  expect  the  product  E,C„  i.e.,  electromotive  force 
into  current  in  the  secondary  to  be  slightly  less  than  the  product  EpCp 
for  the  primary,  or,  not  considering  loss,  at  best  equal  to  it  We 
therefore  see  that  if  E^is  greater  than  Ep,  C,  must  be  correspondingly 
less  than  Cp. 

•  Now  if  the  current  had  been  driven  into  the  long 
secondary  coil  which  would  then  he  the  primary,  a  simi- 
lar induction  would  take  place,  and,  the  same  relation  of 
work  holding  good,  the  induced  electromotive  force  m  the 
former  primary  coil,  now  acting  as  the  secondary  would 
be  far  less  than  the  inducing  electromotive  force,  but  the 
current  would  be  proportionately  greater.    What  is  lost 
in  electromotive  force  is  gained  in  current.    Thus  it  is 
possible  by  the  intervention  of  an  instrument  made  on 
the  plan  of  an  induction  coil  used  the  other  way  about 
to  transform  a  small  alternating  current  at  one  hundred 
volts  into  a  large  current,  also  alternatmg,  at  say,  ten 
volts.     Such  an  instrument  is  called  a  transformer 
The  analogy  of  a  large  mass  moving  with  a  small 
velocity,  and  a  small  mass  moving  with  a  great  velocity, 
may  help  to  make  this  clearer.    The  impact  of  either 
svstem  might  be  made  to  be  the  same,  just  m  the  way 
that  the  energy  of  a  small  current  at  high  electromotive 
force  may  be  the  same  as  the  energy  of  a  large  current 
at  low  electromotive  force. 

It  is  not  probable  that  at  present  transformers  will  be 
much  used  in  medicine.  In  surgical  practice,  however 
"hey  are  just  now  coming  into  use  for  lighting  surgical 
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lamps,  and  for  the  heating  of  cauteries.  In  districts 
which  are  supplied  with  alternating  currents  for  electric 
lighting  purposes  small  specially  designed  transformers 
promise  to  be  very  useful. «  Probably,  however,  the 
above  short  account  of  them  is  sufficient. 

119.  Medical  induction  coil. — We  pass  naturally 
from  the  consideration  of  transformers  to  that  of  in- 
duction coils  for  faradic  treatment.  Sufficient  was  said 
in  §  77  of  the  obsolete  form  of  so-called  "  medical 
battery  "  which  would  now  be  called  a  magneto-machine. 
Various  forms  of  this  machine  are  figured  in  the  instru- 
ment makers'  catalogues,  but  they  are  hardly  of  use 
to-day,  unless  occasionally  for  a  long  continued  course 
of  faradism,  when  the  patient  himself  might  find  it 
more  convenient  to  use  than  a  battery  and  coil. 
In  §  76  a  short  account  of  the  Induction  or  Ruhmkorff 
coil  was  given  with  a  slight  sketch  of  the  theory  of  its 
action.  The  coils  used  for  medical  purposes  only  differ 
in  one  essential  from  the  coils  described  there,  viz.,  they 
are  not  as  a  rule  fitted  with  a  condenser.  In  other 
respects  the  nature  and  action  of  the  medical  coils  are 
identically  the  same  as  there  described.  They  merely 
differ  among  themselves  in  the  method  used  for  in- 
creasing or  decreasing  the  electromotive  force  in  the 
secondary.  This  resolves  itself  into  varying  the 
coefficient  of  mutual  induction  between  the  primary  and 
secondary.  The  figures  given  show  one  or  two  of  the 
methods  in  use. 

Fig.  46  is  a  plan  of  the  disposition  of  the  wires  in  an 
induction  coil,  and  fig.  47  shows  an  actual  coil.  The 
lettering  is  the  same  in  both  of  the  figures.  One  pole 
of  the  battery  is  connected  by  the  wire  shewn,  to  the 
binding  screw  A.  The  current  then  passes  by  the  ad- 
'  "  Lancet,"  vol.  i.,  1891,  p.  292. 
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justing  screw  B,  the  vibrator  H,  and  the  support  K 
to  the  horse-shoe  magnet  D.     After  traversing  this 


Fig.  46.— Arrangement  of  wires  in  an  induction  coil. 


Fig.  47. — Induction  coil. 

the  circuit  branches,  one  wire  passing  to  the  binding 
screw  P,  the  other  leading  to  the  primary  coil,  the 
return  wire  from  which  again  branches,  one  wire  lead- 
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ing  to  the  second  binding  screw  at  P,  the  other  to  a 
binding  sci"ew  which  is  in  connexion  with  the  other  pole 
of  the  battery.  The  two  binding  screws  at  P  are  thus 
in  connexion  with  the  two  ends  of  the  primary  coil  and 
by  means  of  electrodes  attached  to  them  the  patient  may 
be  treated  with  the  extra  current  of  this  coil,  primary 
current  (§  75).  The  secondary  coil  F  is  wound  on  a 
separate  hollow  bobbin  and  has  its  terminals  at  S. 
This  bobbin  is  made  to  slide  like  a  sledge  on  guides  so 
that  it  can  be  made  to  partially  or  completely  surround 
the  primary  coil.  At  G  a  handle  is  seen  attached  to  the 
iron  core  which  can  slide  in  and  out  of  the  primary  coil, 
and  so  further  regulate  the  induced  electromotive  force 
set  up  in  both  the  primary  and  secondary,  by  varying 
their  coefficients  of  self  and  mutual  induction. 

Another  and  somewhat  neater  form  of  sledge  coil  is 
shewn  in  fig.  48.    The  general  plan  of  construction  is 


Fig.  48. — Induction  coil. 

the  same  as  in  the  last  figure  with  the  addition  of  di- 
vided scales  by  which  the  relative  positions  of  primary, 
secondary,  and  core  can  be  recorded  and  results  veri- 
fied. It  must  be  borne  in  mind  that  the  readings  of  the 
scale  are  not  at  all  in  proportion  to  the  electromotive 
force  of  the  current  induced  in  the  coils,  they  merely 
make  it  easy  to  reproduce  a  given  condition  at  will. 
To  obviate  the  necessity  for  withdrawing  the  core, 
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many  coils  are  fitted  with  a  brass  tube  which  slides  be- 
tween the  core  and  the  primary  coil.  This  has  the 
effect  of  shielding  the  core  from  the  current  in  the 
primary  coil,  consequently  the  gradual  withdrawal  of 
the  tube  produces  an  increase  in  the  number  of  hnes  of 
force  in  the  core,  and  so  increases  the  induction  effects 
in  both  coils. 


Fig.  49.-De  WatteviUe's  primary  coil  with  interrupter. 

In  good  coils  there  should  be  a  method  of  adjusting 
the  period  of  vibration  of  the  hammer  and  Avith  it  the 
rapidity  of  alternation  of  the  induced  current.  Dr.  de 
Watteville  has  devised  a  coil  consisting  of  a  prmiary 
only,  with  a  very  ingenious  method  of  regulatmg  the 
speed  of  the  contact  breaker;  this  is  shewn  m  fig.  49- 
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It  will  be  seen  to  consist  of  an  inverted  V  of  stiff  wire 
attached  to  the  ends  of  the  contact  breaker,  and  having 
on  one  arm  a  small  sliding  weight  which  can  be  clamped 
by  a  thumbscrew  at  any  position,  thus  altering  the 
balance  of  the  hammer  and  changing  its  rate  of  vibra- 
tion in  a  manner  similar  to  that  used  in  a  metronome. 
This  coil  has  also  a  key  by  which  the  length  and  num- 
ber of  turns  of  the  wire  in  use  can  be  altered  to  suit 
the  circumstances  of  the  case. 

120.  Primary  and  secondary  currents. — The  phy- 
siological effect  of  the  faradic  or  induced  current  is 
essentially  different  to  that  produced  by  the  continuous 
current. 

It  will  be  worth  while  to  devote  a  few  lines  to  a  con- 
sideration of  the  reasons  for  these  differences.  Simply 
stated,  faradic  currents  may  be  looked  upon  as  inter- 
mittent currents  of  short  duration  and  of  high  electro- 
motive force.  In  the  case  of  the  induced  current  in  the 
primary,  as  in  that  of  the  secondary,  the  currents  are 
not  merely  rapidly  interrupted  but  alternating  in  direc- 
tion, although  the  physiological  effect  of  the  alternating 
components  may  be  very  different  from  one  another, 
and  this  difference  is  not  that  due  to  the  difference  in 
direction  of  the  currents,  but  is  rather  due  to  the  more 
abrupt  rise  of  current  at-  break  than  at  make,  so  that 
the  shock  obtained  from  the  coil  is  greater  at  break 
than  at  make.* 

*  Students  often  find  a  difficulty  in  understanding  why  an  induc- 
tion coil  should  give  a  greater  stimulus  at  break  than  it  does  at 
make,  while  with  a  simple  continuous  current  interrupted  by  hand, 
the  effects  at  make  are  greater  than  those  at  break.  From  the  above 
it  will  be  clear  that  the  differences  are  due  in  the  case  of  the  induc- 
tion coil  to  the  mode  of  action  of  the  apparatus,  while  in  the  case 
of  the  continuous  current  the  difference  is  rather  due  to  the  proper- 
ties of  the  nerve  stimulated. 
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The  general  impression  which  prevails  that  the  cur- 
rent of  the  primary  coil  is  less  painful  than  that  of  the 
secondary,  is  founded  upon  the  vaguest  ideas  as  to  the 
action  of  the  two  coils.    As  coils  are  usually  made  of 
comparatively  few  turns  in  the  primary  and  of  many 
turns  in  the  secondary,  the  co-efficient  of  self-induction 
of  the  primary  is  generally  much  less  than  that  of 
mutual  induction  between  the  primary  and  secondary. 
Hence  for  a  given  inducing  current  in  the  primary,  the 
physiological  effect  of  the  induced  primary  current  or 
extra  current  is  less  than  that  of  the  secondary  current. 
Thus  it  may  happen  that  in  any  given  coil  the  effect  of 
the  secondary  current  may  be  too  intense  for  the  pur- 
pose required,  and  it  may  be  more  convenient  to  use  the 
current  of  the  primary  coil. 

But  little  attention  has  been  paid  to  the  differences 
between  the  physiological  actions  of  the  primary  in- 
duced current,  and  of  the  current  of  the  secondary  coil. 
Duchenne  made  a  few  experiments  and  observations, 
and  since  his  day  not  much  has  been  added.    He  com- 
pared the  two  currents  by  graduating  their  strengths 
until  both  produced  the  same  degree  of  muscular  con- 
traction,   and  then,  observing  the  sensory  effect,  he 
determined  that  that  was  greater  in  the  case  of  the 
secondary  coil.    He  also  found  that  the  secondary  cur- 
rent readily  threw  into  contraction  other  muscles  be- 
sides those  to  which  the  electrode  was  applied,  while  the 
effects  of  the  primary  current  were  more  localised  to  the 
part  in  contact  with  the  electrode,  and  this  great  diffusion 
of  the  effect  of  the  secondary  current  led  him  to  say 
that  it  had  a  greater  power  of  penetration  than  the 
primary.     He  also  made  other  experiments  to  prove 
that  this  effect  of  the  secondary  was  something  peculiar, 
and  not  merely  a  result  of  its  high  "tension,"  but  as  a 
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matter  of  fact  his  experiments  merely  showed  that  the 
current  induced  in  a  long  secondary  coil  is  able  to  force 
its  way  through  a  bad  conductor ;  this  is  just  what 
would  be  expected  from  its  high  electromotive  force. 

It  may  be  mentioned  incidentally  that  very  many  of 
the  medical  coils  sold  are  not  strong  enough  in  them- 
selves, or  are  so  badly  contrived  as  to  be  quite  unfit  for 
the  wear  and  tear  of  regular  use.  It  is  of  great  import- 
ance to  have  a  well  made  coil,  and  the  cheap  forms  as 
well  as  the  very  light  and  portable  ones  are  little  better 
than  toys. 
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CHAPTER  VI. 
Accessory  Apparatus. 

Conducting  wires.     Cautery  wires  and  surgical  lamps.  Binding 
screws.    Electrodes.    Current  collectors.    Commutators.  Re- 
gulation  of  current.     Resistances.     Wire   rheostat.  Water 
rheostat.    Galvanometers.    Testing  instruments.  Voltameters. 
Water  voltameter.    Copper  voltameter. 
121.  Conducting  wires.— The  conductors  or  leads 
by  which  the  current  is  conveyed  from  the  battery  or 
other  generator  to  the  place  where  it  is  to  be  used  are 
generally  of  copper  wire  or  flexible  stranded  copper 
cord.    Copper  is  used  because  it  is  the  best  conductor 
among  metals  with  the  exception  of  silver,  which  indeed 
is  not  very  much  better  and  is  out  of  the  question  on 
account  of  its  cost.     Any  sort  of  copper  wire,  bare  or 
covered,  may  be  used  to  convey  the  current  but  it  is  best 
to  use  insulated  wire  and  so  avoid  any  risk  of  short  cir- 
cuiting from  the  wires  coming  into  accidental  contact. 
Wire  plain  or  stranded,  may  be  bought  insulated  either 
with  cotton  or  silk  or  India  rubber,  and  for  cases  where 
the  current  has  to  be  conveyed  some  little  distance  (i  to 
lo  yards)  it  may  be  convenient  to  use  double  conductors 
made  of  two  insulated  wires  twisted  together.'-^     It  is 
sometimes  convenient  to  keep  wires   coiled  up  m  a 
spiral  form,  these  can  be  pulled  out  at  the  convenience 
of  the  operator  and  have  a  neater  appearance  than  un- 
coiled wire. 

.  In  this  case  it  is  well  to  mark  the  ends,  so  that  there  may  be 
no  difficulty  in  recognising  the  positive  and  negat.ve  w.res.  A  pole- 
tester  (§  ii6)  will  prove  useful  for  this  purpose. 
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In  the  majority  of  cases  the  size  of  the  wire  used  is 
immaterial  as  the  conductivity  of  copper  is  so  high  that 
a  very  thin  wire  will  carry  a  current  far  larger  than  is 
required  for  purposes  of  medical  galvanism  without  any 
sign  of  heating,  and  the  resistance  of  such  wire  is  in- 
finitesimal compared  with  the  resistance  of  the  body. 
Even  when  small  lamps  are  to  be  lighted  unless  very 
fine  wire  is  used  the  size  is  unimportant.  But  for  the 
large  currents  that  are  necessary  to  heat  cauteries,  the 
matter  takes  a  very  different  aspect.  We  have  seen  a 
thin  copper  wire,  improperly  used  for  connecting  an 
accumulator  with  a  cautery,  grow  so  hot  as  to  melt  off 
the  gutta-percha  insulation  throughout  its  whole  length, 
while  the  resistance  of  the  circuit  was  so  increased  by 
the  use  of  this  unsuitable  lead  that  the  cautery  was  not 
heated,  although,  had  a  proper  lead  been  used  the  bat- 
tery power  would  have  been  sufficient. 

This  is  an  extreme  case  and  only  likely  to  occur  with 
large  cautery  burners  which  need  a  very  large  current 
to  heat  them,  but  it  affords  an  useful  example  of  the 
need  of  attending  to  the  conducting  wires.  From  the 
following  short  table  the  best  size  of  wire  to  be  used 
for  the  connexions  of  a  cautery  requiring  any  number  of 
amperes  up  to  60  can  be  found. 

If  this  table  be  followed  it  will  be  found  that  the  lead- 
ing wires  will  never  rise  in  temperature  by  more  than 
about  15°  C  and  the  loss  will  be  infinitesimal.  The  table 
is  calculated  on  the  assumption  that  the  copper  wire  to 
be  used  has  a  conductivity  of  95  per  cent,  of  that  of  pure 
copper.  Sometimes  it  is  desired  that  a  wire  conveying 
a  current  should  conduct  badly,  then  such  metals  as 
steel,  platinum  or  German  silver  and  thin  wires  are 
used.  We  shall  consider  this  point  again  in  speaking  of 
resistance  coils. 
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currhnt  in 
Ampkrf.s. 


Standard 
wire  gauge 


60 

50 
40 

30 

20 

10 

5 
4 
3 

2 

I 


No. 


2 
3 

4 
6 
8 
II 
14 
15 
16 
18 
20 


Diameter  in 
Millimetres. 


TO 
6-4 

5'9 
4-9 
4' I 
2-9 

2-0 

1-8 
1-5 

I"2 

O-g 


Resistance  in      Loss  in  watts 

OHMS  PER   metre.         per  METRE. 


•00046 

•000557 

•000655 
•00092 

•00137 

•00279 
•00561 
•00670 
•00813 
•014 

•0279 


i'64 

1-41 

ITO 

•82 

•55 
•26 

•13 

•12 

•08 
•06 
•03 


122.  Cautery  wires  and  incandescent  lamps.— 

Cautery  wires  are  almost  always  of  platinum ;  steel  is, 
however,  sometimes  used  and  answers  very  well.  The 
resistance  of  steel  is  rather  higher  than  platinum,  es- 
pecially at  a  red  heat,  consequently  less  current  is  re- 
quired to  heat  a  steel  cautery  wire  than  one  of  platinum 

of  the  some  size. 

Preece"'  has  determined  the  current  needed  to  heat  to 
redness  wires  of  one  millimetre  in  thickness,  and  has 
found  that  platinum  requires  40  amperes,  and  iron  24, 
thus  giving  iron  a  considerable  advantage  from  the 
point  of  view  of  current  expended.  Platinum,  however, 
has  the  advantage  that  it  is  not  oxidizable,  conse- 
quently is  not  affected  by  being  repeatedly  heated,  and 
it  is  more  flexible  than  steel  while  it  is  sufficiently  stiff, 
and  has  a  higher  fusing  point. 

The  resistance  of  the  cautery  burners  m  common  use 
may  vary  between  -025  and  -04  ohm,  but  it  is  impossible 
to  know  the  resistance  of  any  given  burner  without  test- 
ing it  experimentally.  The  current  required  for  such 
cauteries  as  these  varies  with  the  thickness  of  wire  used 
in  them,  it  may  be  from  10  to  25  amperes,  some  very 
•  "  Proc.  Roy.  Soc,"  vol.  xxxvi.,  p.  464. 
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large  ones  for  special  purposes  have  been  made  that 
take  as  much  as  40  or  50  amperes. 

Surgical  incandescent  lamps  have  a  short  carbon  fila- 
ment which  glows  with  the  passage  of  the  current  when 
that  reaches  from  i  to  i  ampere :  they  are  very  small 
and  even  to  yield  the  small  amount  of  light  for  which 
they  are  intended  they  must  be  heated  far  beyond  what 
would  be  considered  right  with  lamps  for  ordinary  light- 
ing purposes ;  this  is  a  severe  tax  upon  the  filament 
and  renders  their  life  very  short.     A  good  commercial 
lamp  IS  expected  to  last  for  at  least  a  thousand  hours 
and  requires  the  expenditure  of  about  four  watts  per 
candle  power.    They  are  made  to  carry  from  -25  to  -8 
ampere  but  surgical  lamps  may  consume  rather  more  cur- 
rent, one  ampere  or  even  more.     The  larger  lamps  have 
a  longer  filament,  roughly  in  proportion  to  their  candle 
power;  the  extra  length  of  filament  from  its  high  resis 
tance  requires  a  greater  electromotive  force  to  drive  the 
same  current  through  it,  so  that  a  32  candle  power  lamp 
though  ^t  carnes  the  same  current  in  amperes  as  a  z6 
candle  power  lamp  requires  twice  the  electromotive 
force  or  as  :t  as  usually  expressed  consumes  twice  the 
number  of  watts.    It  will  be  remembered  (§  70)  t^at 
IS  the  term  used  by  electrical  engineers  fi  the 
energy  expended  by  a  current  of  one  ampere  between 
two  pomts  whose  potential  differs  by  one  volt  * 

When  a  lamp  is  pushed  to  give  more  light"  than  that 
or  which  ^t  was  designed,  its  production  oHight  for  ^he 
time  IS  at  a  more  economical  rate  that  is  to  .  T 
watts  per  candle  power  are  usl'd^  ''ZTJ'J'Z 

rate  Of  expenditure  If  ...r^^^J  Z'Z2iZo\T' 
71-3  watts,  that  is,  4-45  watts  per  candle.  4X71  = 

M 


I 


l52  MEDICAL  ELECTRICITY. 

gical  lamp  as  usually  treated  gives  a  candle  power 
rather  greater  than  that  reckoned  for  the  watts  ex- 
pended. They  may  be  well  lighted  if  only  required  for 
a  short  period  by  three  or  four  bichromate  cells  or  even 
by  six  large  Leclanche  cells-  in  series,  this  arrangement 
of  cells  will  give  respectively  about  6  and  8  volts,  an 
electromotive  force  sufficient  for  a  small  lamp;  the 
smallest  lamps,  used  in  the  cystoscope  or  laryngoscope, 
only  require  about  four  volts,  and  the  larger  ones  five  or 
six  volts  to  give  a  proper  light. 

123  Binding  screws.— The  current  is  taken  from 
the  battery  terminals  or  poles.     These  usually  have 
binding  screws  by  means  of  which  the  leading  wires 
are  attached.     Binding  screws  are  also  used  to  connect 
the  conducting  wires  to  the  instrument  to  which  the 
current  is  to  be  led.    It  is  of  the  highest  importance 
that  at  all  the  points  where  connexion  has  to  be  made 
it  should  be  thoroughly  and  well  done.    All  binding 
screws  must  be  kept  scrupulously  clean,  and  the  larger 
bearing  surface  they  have  the  better  ;  the  ends  of  all 
wires  must  also  be  freshly  scraped  when  connexion  is 
to  be  made,  so  that  there  may  be  true  naetalhc  contact 
at  every  point  of  the  circuit.    A  thin  film  of  dirt  or 
metallic  oxide  at  a  connexion  interposes  an  incredibly 
high  resistance  into  the  circuit.     Faulty  connexions 
are  one  of  the  commonest  causes  which  throw  electnca 
apparatus  apparently  out  of  gear  and  although  it  is  not 
hard  to  detect  the  fault  by  careful  exammation  (§  78), 
vet  only  too  often  much  difficulty  is  found,  and  m  con- 
Lquence  the  battery  is  condemned,  or  the  services  of 
the  instrument  maker  are  called  m.     It  need  not  be 
said  that  this  is  the  wrong  way  of  doing  thmgs,  for 
everyone  using  a  battery  should  make  himself  famihar 
.  A  special  form  of  Leclanche  cell  for  this  purpose  is  made  by  the 
India  Rubber  Co.,  Silvertovvn,  Essex. 
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with  the  proper  management  of  it,  in  order  to  avoid  the 
expense  and  annoyance  of  perpetually  putting  it  into 
the  hands  of  an  instrument  maker. 

The  most  perfect  metallic  connexion  is  made  by 
soldering  the  wires  to  the  terminals  of  the  batteries  or 
instruments  to  be  used,  but  this  is  impracticable  in 
most  cases,  since  it  makes  it  very  troublesome  to  dis- 
mount the  battery,  and  in  general  more  than  one  set  of 
instruments  has  to  be  worked  from  one  battery.  As  a 
matter  of  fact  with  moderate  care  no  difficulty  need 
occur  from  faulty  contacts  in  binding  screws.  Unfor- 
tunately many  instrument  makers  put  special  terminals 
on  to  the  wires  they  send  out,  which  are  suitable  for 
makmg  connexion  with  their  own  batteries  and  in- 
struments, but  will  not  fit  those  of  any  other  maker 


Fig.  50. — Binding  screws. 

These  are  seldom  of  any  advantage,  and  should  be 
discarded,  for  a  plain  ending  to  the  wire  is  the  best. 
It  IS  advisable,  for  the  sake  of  neatness,  to  use  but  one 
torm  of  binding  screw,  and  that  which  is  represented  in 
the  figure  is  simple  and  convenient.  There  are  of 
course  many  other  forms  in  constant  use,  and  a  few 
minutes  may  be  well  spent  in  inspecting  an  electrical 
mstrument  maker's  stock.  The  best  way  to  connect  a 
wire  with  a  bmdmg  screw,  of  the  type  in  the  figure,  is 
to  bend  the  well  cleaned  wire  round  the  shank  of  the 
screw  and  then  screw  the  nut  down  tightly  upon  it. 

124.  Electrodes.-The  terminals  by  which  the  cur- 
rent IS  applied  to  the  place  where  it  is  to  be  used  are 
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called  Electrodes.  The  word  electrode  is  also  used  to 
describe  the  terminals  by  which  the  current  leaves  the 
battery  or  enters  any  instrument.  The  special  terminals 
used  in  galvanism  and  faradism  are  also  called  rheo- 
phores,  a  term  which  has  also  been  applied  to  the 
conducting  wires,  and  here  we  may  once  for  all  protest 
against  the  use  of  too  many  unnecessary  terms.  Such 
words  as  rheophores  for  electrodes  or  conducting  wires, 
rheostats  or  rheochords  for  resistances  or  resistance 
coils,  rheotropes  for  commutators,  and  rheotomes  for 


Fig.  51.— Cirbon  disc  electrodes. 


contact  breakers,  are,  as  a  rule,  not  wanted,  and  the 
words  in  common  use  among  electricians  are  enough 
for  all  medical  purposes.  The  variety  in  nature  and 
shape  of  the  electrodes  used  in  medical  practice  is  im- 
mense ;  it  is  necessary,  however,  to  describe  some  of 


Fio.  52.— Handle  for  electrode. 


them.  The  old  fashioned  brass  handles  and  wet  sponges 
are  now  almost  wholly  abandoned,  except  perhaps  for 
the  purpose  of  rousing  people  from  a  state  of  poisomng 
by  alcohol  or  opium,  and  the  favourite  form  of  electrode 
at  present  is  a  convex  disc  of  gas  carbon  or  of  nickel 
plated  metal  screwed  into  an  insulating  (wooden)  handle 
and  covered  over  with  wash-leather  or  amadou. 
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The  handles  are  of  more 
some  being  fitted  with  keys  fc 
opening  it,  or  even  for  re- 
versing it,  one  or  two  of 
these  handles  are  figured 
here,  and  many  more  will 
be  found  in  the  instrument 
makers'  catalogues. 

The  greatest  care  must 
be  exercised  to  prevent  risk 
of  communicating  contagion 
through  the  medium  of  the 
electrodes,  on  this  account 
metal  is  better  than  carbon  ; 
the  amadou,  or  flannel,  or 
wash  leather  covers  should 
be  often  renewed,  and  as 
far  as  possible  a  separate 
set  should  be  kept  for  each 
patient.  In  fact  it  is  ad- 
visable in  many  cases  to 
use  an  extempore  covering 
of  absorbent  cotton  or  to 
have  loose  woollen  covers 
like  glove  fingers  which  can 
be  quickly  slipped  on  and 
off  the  electrodes,  and  to 
keep  them  in  carbolic  solu- 
tion, or  to  boil  them  occa- 
sionally. 

Several  sizes  are  required. 
Professor  Erh  has  suggested 
the  adoption  of  electrodes 
of  standard  sizes  because 


or  less  elaborate  design, 
■  closing  the  current  or  for 


Fig.  53.— Handle  for  elect-ode  with 
key  for  making  and  breaking  circuit. 
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the  density  of  the  current  and  the  effective  resistance 
of  the  surface  at  the  point  of  entry  depends  upon 
the  size  of  the  electrode,  that  is  to  say,  the  area  from 
which  the  current  passes  to  the  patient.  For  different 
effects  one  may  desire  at  one  time  a  current  diffused 
over  a  large  surface  of  entry,  and  at  another  a  current 
concentrated  at  a  small  surface.  In  the  operation  for 
the  removal  of  superfluous  hairs  by  electrolysis,  the  in- 


FiG.  54. — Small  metal  electrodes. 

different  electrode  is  large  and  the  local  effects  on  that 
part  of  the  skin  which  it  touches  are  imperceptible,  but 
the  active  electrode  is  a  fine  platinum  needle,  and  the 
density  of  the  current  at  its  point  is  such  that  strong 
local  effects  are  produced  where  it  touches  the  skin 
even  when  the  current  is  only  three  milliamperes.  By 
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■using  standard  sizes  too  one  can  more  readily  convey 
to  others  a  correct  idea  of  the  current  density  used  in 


Fig.  55. — Large  metal  electrodes. 


any  particular  case.  ErVs  standard  sizes  are  the  follow- 
ing :— 


Name. 

Diameter  of  disc. 

Area  of  surface. 

Smallest 

•5  cm. 

•2  inch. 

•25  sq.  cm. 

•04  sc 

.  in. 

Small 

1-5 

•6  „ 

1-8 

•28 

n 

)i 

2  „ 

•8  „ 

3-14 

) ) 

■5 

If 

Normal 

3'5 

10 

n 

1-5 

M 

Medium 

5  „ 

2 

20 

>> 

3 

1) 

Large 

7-6  „ 

3 

50 

»» 

7-6 

H 

Very  large 

II-2  ,, 

4'4 

100 

jj 

15 

M 

n 

i3'3 

5'25  » 

150 

23 

>» 

These  sizes  do  not  cover  all  the  variations  which  are 


\ 
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required  for  medical  practice,  for  in  A posioli's  treatment 
of  uterine  disease  by  tlie  galvanic  current  the  indifferent 
electrode  is  larger  still,  while,  for  naevi  and  epilation, 
electrodes  made  of  fine  sharp  needles  are  used.  An 
obvious  objection  to  this  series  of  sizes  is  that  they  are 
not  very  regular  in  scale,  and  that  for  the  important 
size  of  "  small  "  electrode  two  alternatives  are  proposed. 
Moreover  the  numbers  are  difficult  to  remember ;  it 
would  be  quite  as  useful  and  more  convenient  to  adopt 
a  series  of  circular  electrodes  numbered  according  to 
their  diameter  in  centimetres  from  i  to  12.  It  will  be 
seen  in  Chapter  VIII.  that  another  size  is  proposed  by 
the  same  author  (Erb)  for  use  in  testing  the  contractility 
of  muscles,  namely  one  of  4  cm.  diameter. 

The  more  special  forms  of  electrode  will  be  described 
and  figured  in  the  chapters  which  deal  with  the  particu- 
lar operations  in  which  they  are  used. 

In  some  medical  applications  both  the  poles  of  the 
battery  are  used  equally,  and  in  that  case  the  electrodes 
at  the  two  poles  may  be  similar,  but  more  often  the  cur- 
rent is  brought  to  the  affected  part  from  one  pole,  which 
is  then  known  as  the  "  active  electrode,"  and  may  be 
positive  or  negative  according  to  the  treatment  required, 
the  circuit  being  completed  by  the  application  of  the 
other  electrode  "  indifferent  electrode  "  to  some  remote 
part  of  the  body  ;  under  these  circumstances  the  active 
electrode  may  require  a  handle  for  its  proper  manipula- 
tion, while  the  indifferent  electrode  is  most  conveniently 
arranged  as  a  simple  metal  plate,  which  can  be  applied 
to  the  surface  of  the  body  and  left  there  during  the 
treatment.  It  is  generally  an  oval  plate  of  pure  tin 
about  three  inches  long  ;  this  metal  is  harmless,  light 
and  sufEciently  flexible,  and  can  be  bent  to  fit  the  sur- 
face of  the  bcdy.     Plates  of  lead  are  not  so  gocd,  ncr  so 
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convenient,  their  use  seems  to  render  the  wash  leather 
covering  them  very  harsh  and  dry,  so  that  it  is  not  easy 
to  moisten  the  covering  uniformly.  On  one  side  is  a 
binding  screw  for  the  attachment  of  the  battery  wire, 
and  the  other  side  is  covered  with  a  smooth  piece  of 
amadou,  or  wash  leather,  which  can  be  moistened  with 
water  or  salt  solution  before  use.  It  is  cleaner  to  have 
a  sheath  or  pocket  with  one  side  waterproof,  to  contain 
the  electrode  (fig.  56),  this  will  serve  to  protect  the 


Fig.  56.— Tin  electrode  and  sheath. 

patient's  clothes  from  being  wetted  without  interfering 
with  the  passage  of  the  current.  Bare  metal  must 
never  be  applied  directly  to  the  skin  unless  electrolytic 
effects  are  wished  for,  the  current  is  very  much  more 
painful  when  it  enters  the  skin  from  a  metallic  surface 
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than  when  it  first  passes  through  a  layer  of  moist  badly 
conducting  material. 

The  indifferent  electrode  may  be  slipped  between  the 
clothing  and  the  skin,  the  pressure  of  the  clothes  will 
then  suffice  to  keep  it  in  place,  or  if  the  patient  is  lying 
down  the  electrode  may  be  put  underneath  the  shoulders 
or  the  buttocks,  or  it  may  be  held  against  the  skin  by 
the  patient  himself  or  by  an  attendant.  In  either  case 
the  operator  is  able  to  give  his  whole  attention  to  the 
other  or  active  electrode.  Care  must  be  taken  to  see 
that  the  contact  of  the  indifferent  electrode  with  the 
skin  is  well  maintained,  and  that  no  dry  clothing  lies 
between,  sometimes,  especially  with  children,  it  may  be 
fastened  on  by  a  few  turns  of  a  bandage,  or  by  a  soft 
garter  or  belt  of  some  kind.  The  precaution  should  be 
taken  of  seeing  that  the  proper  side  of  the  sheath  and 
the  proper  face  of  the  electrode  are  together,  for  the 
waterproof  side  will  not  conduct. 

Lately  a  new  form  of  indifferent  electrode  has  been 
brought  out  under  the  name  of  the  "  adhesive  elec- 
trode ; "  it  consists  of  a  flat  piece  of  composition,  con- 
taining gelatine  and  oxide  of  zinc,  when  its  surface  is 
moistened  with  warm  water  and  then  applied  to  the 
skin  it  adheres  fairly  well ;  on  the  back  of  the  com- 
position is  a  layer  of  tinsel,  waterproofed  over,  and  a 
tag  of  the  same  material  makes  connection  with  the 
battery  wire  by  means  of  a  spring  clip.  They  are  very 
cleanly  and  good,  and  can  be  had  of  any  convenient 
size. 

125.  Current  collectors. — Medical  batteries  for 
galvanic  treatment  are  made  up  of  a  large  number  of 
cells  (20,  40  or  60  arranged  in  series),  but  the  number  of 
cells  to  be  used  for  different  cases  varies  very  much. 
On  this  account  a  quick  and  simple  plan  of  altering  the 
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number  of  the  cells  included  in  the  circuit  is  required  so 
that  the  current  may  be  readily  increased  or  diminished 
to  suit  the  needs  of  each  case  by  switching  cells  in  or 
out  of  circuit.    The  plan  is  as  follows  : — 

In  the  diagram,  fig.  57,  six  cells  are  shown  numbered 
I.  to  VI.,  they  are  joined  in  series,  and  from  their  con- 
nexions wires  are  led  off  to  sevif  n  corresponding  studs 
numbered  o  to  6.  It  may  be  seen  that  a  moveable 
metallic  arm  springing  on  to  stud  No.  i  will  throw  one 
cell  into  circuit  between  the  binding  screws  marked  + 
and  — ,  and  similarly  when  the  arm  is  placed  on  any  other 
stud  it  brings  into  the  circuit  the  number  of  cells  shown 
by  the  figure  marked  against  the  stud. 


Fig.  57.  — Plan  of  single  current  collector. 


This  is  in  brief  the  principle  of  the  current  collector, 
as  applied  to  medical  batteries,  the  stud  marked  o  being 
connected  with  one  pole,  say  the  positive  pole  of  cell 
No.  I,  and  leading  to  a  binding  screw  marked  +, 
stud  No.  I  being  attached  to  the  negative  pole  of  the 
same  cell  and  when  the  moveable  arm  touches  stud 
No.  I,  the  current  passes  along  it  and  from  there  goes  to 
the  other  binding  screw  of  the  battery  marked  as  shown 
in  the  figure.    Cell  No.  I.  only  is  then  included  in  the 


172 


MEDICAL  ELECTRICITY. 


circuit ;  if  the  pointer  be  transferred  to  another  stud, 
numbered  let  us  say  6,  then  six  cells  are  in  circuit  and 
are  being  used. 

A  more  complicated  current  collector  has  been  de- 
vised, by  means  of  which  the  current  may  be  taken 
from  any  cell  or  any  group  of  cells  commencing  at  any 
point,  the  advantage  is  that  the  cells  can  be  used 
equally,  so  that  the  wear  and  tear  is  equally  distributed. 
In  the  single  collector  the  first  cells  are  always  drawn 
upon,  and  are  likely  to  run  down  before  the  last  cells, 
which  are  only  needed  occasionally.  With  the  double 
collector  if  six  cells  are  required  not  only  could  cells  i 
to  6  be  chosen  but  cells  3  to  g,  or  6  to  12,  or  12  to  18  or 


Fig.  58.— Double  collector. 

any  other  set  of  6.  With  the  single  collector  the  first 
cells  must  always  provide  current  and  cell  No.  12  can 
only  be  used  when  eleven  cells  are  insufficient.  Accord- 
ingly, with  a  single  collector,  the  last  cells  of  the  series 
are  very  seldom  called  on  at  all,  while  the  first  cells 
have  to  do  duty  every  time  the  battery  is  used.  This 
objection  to  the  single  collector  has  been  partly  over- 
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come  by  Mr.  Coxcter,  who  has  an  arrangement  for  divid- 
ing the  whole  number  of  cells  into  three  or  four  groups 
by  a  moveable  connecting  wire,  but  it  is  not  so  precise  a 
method  as  the  double  collector  affords.  Another  ad- 
vantage of  the  double  collector  is  that  with  its  aid  the 
working  of  every  cell  of  the  battery  can  be  separately 
tested  ;  the  double  collector,  however,  is  rather  more 
expensive.  If  in  the  figure  of  the  single  collector  (fig. 
58)  the  wire  leading  from  cell  No.  I.  to  the  stud  num- 
bered o  were  taken  instead  to  a  second  arm  pivoted  on 
the  same  axle  but  electrically  insulated  from  the  first 
one  and  capable  of  independent  movement,  and  were 
led  thence  directly  to  the  binding  screw  marked  -f  it 
can  be  seen  that  with  the  two  arms  on  the  studs  3  and  6 
the  current  would  be  taken  from  cells  IV.,  V.  and  VI. 
only,  that  is  to  say  the  group  of  cells  IV.  to  VI.  would 
supply  the  current  to  the  circuit.  In  like  manner  any 
number  of  consecutive  cells  from  one  upwards  could  be 
picked  out  from  any  part  of  the  whole  series.  It  is 
usual  for  one  of  the  arms  to  carry  a  circle  so  divided 
and  numbered  as  to  read  off  directly  the  number  of  cells 
in  use. 

The  studs  of  current  collectors  must  be  of  good  size, 
and  the  pointer  just  broad  enough  to  touch  two  at  once, 
that  the  number  of  cells  in  the  circuit  may  be  increased 
or  diminished  without  breaks  of  current  and  unpleasant 
shocks  at  the  moment  when  the  pointer  moves  from  one 
stud  to  the  next.  At  the  same  time  care  must  be  taken 
that  the  moveable  pointer  of  any  collector  is  not  left  for 
any  length  of  time  in  contact  with  two  studs  at  once, 
for  when  it  is  in  that  position  one  cell  is  short-circuited 
and  its  energy  is  being  ruinously  wasted. 

When  it  is  wished  to  test  the  working  of  a  medical 
battery,  the  electrodes  should  be  placed  in  a  bowl  of 
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water,  some  little  distance  intervening  between  them, 
and  the  pointer  must  then  be  gradually  moved  round 
the  studs,  the  galvanometer  being  watched  carefully. 
If  the  battery  is  in  proper  order  it  will  indicate  a  regular 
rise  of  current  step  by  step,  for  every  cell  added  to  the 
circuit.  If  the  galvanometer  needle  falls  to  zero  as  the 
pointer  is  passing  from  one  stud  to  the  next,  it  indicates 
that  the  current  is  broken  at  that  moment,  and  if  a  pati- 
ent were  in  circuit,  he  would  receive  an  objectionable 
shock.  If  the  needle  falls  to  zero  when  the  pointer  is 
on  a  stud,  it  shows  that  the  connexion  between  that 
stud  and  the  battery  is  faulty. 

It  is  a  bad  practice  to  try  to  test  a  battery  by  con- 
necting the  terminals  by  a  direct  metallic  contact  except 
through  a  coil  of  high  resistance,  looo  ohms  or  so, 
otherwise  the  strength  of  current  may  be  so  great  as 
to  damage  the  galvanometer  by  throwing  the  needle  off 
its  pivot,  and  it  will  probably  be  too  large  even  with  one 
cell  for  a  galvanometer  graduated  in  milliamperes  to  give 
readings  of  it ;  if  no  resistance  coil  be  at  hand  the  plan 
of  putting  the  electrodes  into  a  bowl  of  water  will  usually 
suffice  to  reduce  the  current  in  the  circuit  to  a  quantity 
which  can  be  measured  in  miUiamperes. 

126.  Commutator  or  current  reverser. — An  ap- 
paratus for  reversing  the  direction  of  the  current  in  the 
external  portion  of  the  circuit  is  indispensable  for  some 
medical  purposes.  It  is  not  possible  to  make  an  ex- 
amination of  the  reactions  of  nerve  and  muscle  without 
one.  There  are  many  forms  in  constant  use,  but  one 
only  will  be  described,  as  it  has  seemed  to  the  authors  to 
be  the  most  convenient  in  medical  work.  This  pattern 
is  shown  in  the  accompanying  figure  (fig.  59) ;  it  was 
devised  by  Ruhmkovf. 

It  consists  of  a  cylin-der  of  vulcanite  M,  having  at 
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each  end  a  metal  cap  or  ferrule  C,  D,  and  supported 
between  two  uprights'  in  such  a  way  as  to  revolve 
easily  about  a  horizontal  line,  each  end  is  connected 
to  a  binding  screw  A,  B,  and  each  metal  cap  is  prolonged 
in  the  form  of  a  cheek  E,  F,  along  one  side  of  the  vul- 
canite cylinder  for  two-thirds  of  its  length.  On  either 
side  of  the  cylinder  springing  against  it,  are  two  pieces 
of  metal  I,  and  L,  connected  with  the  terminals  of  the 
battery.    When  the  cylinder  is  turned  by  means  of  the 


Fig.  59.— Commutator. 

handle  Z,  either  of  the  metal  cheeks  can  be  brought 
into  contact  with  each  of  the  springs  I,  L.  The  posi- 
tive pole  of  the  battery  connected  say  with  L,  can  thus 
be  brought  into  connection  with  either  the  binding 
screw  at  A,  or  at  B,  so  that  the  current  can  be  made 
to  pass  in  either  direction  at  will  round  the  external 
portion  of  the  circuit  between  A  and  B.  The  +  and  — 
signs  on  the  vulcanite  cylinder  indicate  the  polarity  of 
the  binding  screws ;  in  the  position  shown  A  is  positive, 
a  half  revolution  of  the  cylinder  alters  A  to  negative, 
and  therefore  the  reverse  side  of  the  cylinder  which  then 
comes  into  view  will  have  the  -f  and  —  signs  trans- 
posed also. 
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127.  Regulation  of  current  When  the  current  is 

regulated  by  the  method  described  in  §  125,  it  will  be 
seen  that,  neglecting  the  resistance  of  the  battery,  the 
electromotive  force  is  the  only  thing  altered  in  the  circuit. 
But  by  Ohm's  law  we  know  that  the  current  is  numeri- 
cally equal  to  the  electromotive  force  divided  by  the 
resistance  of  the  circuit,  so  that  it  might  be  regulated 
by  introducing  or  removiag  resistances,  the  electro- 
motive force  being  kept  constant.     In  some  cases  it  is 
more  convenient  to  regulate  by  this  method.    In  gene- 
ral, Avhen  the  total  resistance  of  a  circuit  is  large,  it  is 
more  convenient  to  alter  the  electromotive  force  than 
the  resistance  in  the  circuit.     Thus,  suppose  a  circuit 
has  a  total  resistance  of  3000  ohms,  and  is  acted  on  by 
twelve  cells  of  1-5  volts  each,  there  will  be  a  current 
of  six  milliamperes  ;   if  now  it  is  required  to  double  the 
current  it  is  easily  done  by  adding  twelve  more  cells, 
taking  for  granted  that  their  internal  resistance  may  be 
neglected,  but  if  it  were  desired  to  make  the  alteration 
by  reducing  the  resistance  of  the  circuit  it  would  be 
necessary  in  order  to  double  the  current,  to  take  out  a 
resistance  of  1500  ohms,  which  might  be  impracticable. 
When  it  is  desired  to  increase  current  by  taking  out 
resistances,  it  is  of  course  requisite  that  the  resistances 
to  be  removed  must  first  be  connected  up  in  the  circuit 
before  the  commencement  of  the  operation.    If  the  total 
resistance  is  small  this  can  be  done,  and  in  such  cases 
the  current  is  most  easily  governed  by  variable  resist- 
ances in  the  circuit.     Thus,  suppose  a  circuit  made  up 
of  a  cautery  burner  whose  resistance  with  its  leads 
amounts  to  -oi  ohm,  and  an  accumulator  whose  electro- 
motive force  is  two  volts  and  internal  resistance  -002 
ohm ;  the  current  could  be  well  governed  by  having  a 
variable  resistance  up  to  -5  ohm  in  the  circuit.  When 
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the  current  was  turned  on  with  full  resistance  it  would 
amount  to  about  3-9  amperes,  and  by  reducing  the 
variable  resistance  to  -098  ohm  a  current  of  20  amperes 
would  be  given  which  would  probably  suffic^to  heat  the 
burner. 

There  is  one  advantage  that  belongs  to  this  method 
of  regulating  the  current,  viz.,  all  the  cells  in  a  battery 
are  in  use  the  whole  time  and  equally,  so  that  there  is 
no  liability  from  the  method  of  use  for  one  cell  to  run 
down  and  require  recharging  before  another,  but  even 
this  advantage  will  not  compensate  for  the  cost  of  high 
resistance  coils  and  the  inconvenience  of  using  them. 

128.  Resistances.— Resistances  or  rheostats-  are 
made  up  in  many  forms.  A  figure  of  a  "resistance  box 
made  up  of  wire  coils  and  arranged  as  a  Wheatstone's 
Bridge  was  given  in  §  67.  The  coils  are  generally 
made  of  a  length  of  insulated  German  silver  wire 
doubled  on  itself  (fig.  60)  (that  the  coils  should  have  no 


Fig.  Go.^Plan  of  resistance  coils. 

self  induction)  and  coiled  on  a  bobbin.  Coils  are  then 
arranged  m  the  following  order:-.,  5,  20,  20, 
50,  100,  200,  200,  500,  1000,  2000,  2000,  5000  ohms 

rufoTr  ^'/K  ''''  ^^^"^         be 'thrown  m  or 

out  of  circuit  by  removing  or  replacing  plugs  on  the  top 

reflJedM'n  I  f '"T,"  1'  ^^'^^^  objectionable  of  those 

referred  to  m  §  X24,  solelv  however  because  it  has  been  hallowed  by 
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of  the  resistance  box.  It  will  be  seen  that  with  the 
above  arrangement  of  coils  any  resistance  from  i  to 
10,000  ohms  can  be  put  into  circuit.  Such  resistance 
boxes  are  capable  of  the  very  highest  accuracy,  but  as  a 
rule  this  is  not  required  in  medical  work,  and  they  are 
damaged  if  any  large  current  is  sent  through  them, 
besides  which  they  are  exceedingly  costly.  They  are 
only  likely  to  be  required  in  large  institutions,  where  it 
may  be  necessary  to  find  resistances  of  apparatus  or 
the  electromotive  force  of  batteries  with  high  accuracy. 

129  Wire  rheostat.-The  resistance  coil  that  will 
be  most  frequently  in  the  hands  of  the  medical  man  is 
sometimes  known  as  the  "wire  rheostat."    It  is  very 
convenient  in  cases  such  as  the  example  given  above,  m 
which  there  is  a  small  external  resistance  only  m  the  cir- 
cuit, and  a  large  current  is  to  be  regulated.     It  usually 
consists  of  a  long  open  corkscrew  coil  or  helix  of  mo- 
derately thick  uncovered  German  silver  or  other  wire, 
such  as  platinum-silver  alloy,  of  high  specific  resistance 
fS  6^)     The  current  is  led  in  at  one  end  of  the  hehx 
and  a  metal  sliding  piece  which  can  pass  ^om  end  to 
end  of  the  coil  forms  the  other  termmal.     The  re- 
sistance interposed  is  easily  seen  to  be  VroVori^-.Uo 
'  the  number  of  turns  of  the  helix  between  the  end 
attached  to  the  terminal  and  the  shdmg  piece.  The 
ftr'of  this  resistance  is  favourable  -  cooling,  thus  a 
much  larger  current  may  be  driven  through  it  than 
through  a  coil  of  covered  wire  not  open  to  the  air. 

°  o  Water  rheostat.-Another  resistance  apparatu 
sold  to  medical  men  is  the  "water  rheostat.  It 
consists  of  a  glass  cylinder,  watertight  and  fiUed  with 
water  or  some'saline  solution,  it  terminates  below  m  a 
Tetal  foot  Band  binding  screw,  and  a  -etal  -  rod 
moving  stiffly  passes  in  from  above  through  a  collar.  A, 
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and  this  carries  the  other  binding  screw.  When  the 
rod  is  pushed  quite  down  it  touches  the  base  of  the  tube, 
and  the  circuit  is  completed  through  the  metallic 
contact ;  when  it  is  raised  the  current  must  pass  through 
the  badly  conducting  liquid.  The  resistance  oflfered  by 
the  liquid  varies  with  the  length  of  liquid  to  be  tra- 
versed and  the  nature  of  the  solution,  and  the  rod  can 
be  roughly  graduated  for  the  resistance  of  the  liquid  to 


Fig.  6r.— Water  Rheostat. 


be  used  It  wdl  easily  be  seen  that  a  drawback  to  the 
use  of  this  form  of  resistance  is  the  polarization  likely  to 
be  produced  by  electrolytic  changes  in  the  liqL. 
Moreover  at  the  moment  when  the  metal  sliding  rod  is 

there?   ''''^r''''''  "^^'^  ^'^^  "^^^^^  the  tube 

there  IS  a  sudden  great  increase  of  resistance  in  the 

circmt,  and  an  unpleasant  shock  may  be  produced. 
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Cheap  resistances  have  been  made  of  discs  of  graphite 
piled  loosely  in  a  tube  and  more  or  less  pressed  together 
by  a  screw  to  vary  the  resistance  of  the  combination, 
these  however  are  very  unreliable.  A  high  resistance 
for  temporary  use  may  be  improvised  by  rulmg  a  Ime 
with  an  ordinary  lead  pencil  on  ground  glass  and  con- 
necting the  circuit  with  the  ends  of  the  line  by  means 
of  pieces  of  tin  foil.  Other  forms  of  graphite  resist- 
ances have  been  devised  for  medical  purposes,  and  m 
certain  cases  they  are  useful,  as  for  example,  to  regulate 

induction  currents. 

131  Galvanometers.— It  is  generally  of  the  utmost 
importance  that  the  medical  man  shall  be  able  during 
the  course  of  an  electrical  operation  to  see  at  a  glance 
what  current  is  passing,  and  for  this  purpose  a  galvano- 
meter is  necessary.  We  may  refer  the  student  back  to 
§§49  50  for  a  cursory  account  of  the  theory  of  the 
galvanometer.  Here  we  have  to  describe  one  or  two 
that  are  in  common  use. 

There  are  certain  features  that  from  the  nature  of 
the  work  they  are  called  upon  to  perform  are  common 
to  all  galvanometers  for  medical  purposes.     The  most 
important  is  perhaps  the  method  of  graduation.  These 
galvanometers  are  invariably  of  the  fixed  coil  or  "  tan- 
Lnt"  form  (  §  50)  that  is  to  say,  the  current  mdicated 
by  any  reading  is  proportional  not  to  the  angle  of  de- 
flexion but  to  the  trigonometrical  tangent  of  that  angle. 
Hence  it  is  necessary  that  the  circle  on  which  the  posi- 
tion of  the  needle  of  the  galvanometer  is  read  must  be 
graduated,  not  uniformly,  but  so  that  the  readings  are 
angles  whose  tangents  increase  umformly. 

This  may  be  practically  carried  out  for  any  circle  that 
it  ^  requirld  to  divide  as  follows  :-Let  O  (fig.  62)  be  the 
centre  of  the  circle,  at  P  draw  a  tangent  to  the  circle  and 
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join  OP.  Mark  off  equal  spaces  PL,  L  M,  MN,  &c., 
along  this  tangent  line  and  join  each  point  to  O  the  centre 
of  the  circle.  These  lines  will  make  such  angles  with 
O  P  that  their  tangents  increase  by  equal  steps,  and  the 
points  where  they  cut  the  circle  will  be  the  ends  of  arcs 
subtending  angles  at  the  centre  of  the  circle  whose  tan- 
gents fulfil  the  required  condition.  If  the  galvanometer 
constant  (§  51)  is  such  that  a  deflection  of  the  needle  from 
o  to  I  indicates  a  current  of  n  milliamperes  flowing  in 
the  galvanometer,  then  a  deflexion  to  2  will  indicate 
that  2  n  milliamperes  are  passing  and  so  on.     So  that 


Fig.  62. — Graduation  of  galvanometer. 

by  suitably  choosing  the  equal  spaces  that  are  marked 
off  along  the  tangent  line  any  galvanometer  scale  may 
be  made  to  read  in  milliamperes.  This  is  called  "  cali- 
brating "  the  galvanometer  and  the  calibration  of  every 
galvanometer  should  be  checked  from  time  to  time  by 
the  user.  A  method  of  doing  this  will  be  described  in 
§  133  below. 

A  galvanometer  calibrated  to  read  milHamperes  may 
be  called  a  "  milliamp^remeter  "  just  as  one  calibrated 
to  read  ampkes  is  called  an  ammeter.  Medical  men 
owe  It  to  Dy.  De  Wattevilk  that  the  miUiampere  has  been 
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chosen  to  be  the  standard  for  medical  purposes,  and  for 
this  it  is  a  most  convenient  measure. 

Many  galvanometers  are  provided  with  a  set  of  two 
or  three  resistance  coils  which  may  be  inserted  in 
parallel  with  the  galvanometer  coils,  they  are  usually 
of  such  values  that  they  only  allow  one-tenth  or  one- 
hundredth  or  one-thousandth  of  the  whole  current  to 
pass  through  the  galvanometer.  In  §  66  the  necessary 
calculation  was  given  by  means  of  which  the  resistance 
of  such  a  coil,  called  a  shunt,  for  a  galvanometer  of  any 


Fig.  63.— Vertical  Galvanometer. 


given  resistance  could  be  determined.  The  use  of  such 
a  shunt  is  too  obvious  to  need  much  explanation.  Suffi- 
cient will  be  said  in  the  account  of  Edelmann's  large 
galvanometer  below. 

Galvanometers  for  medical  use  are  invariably  cali- 
brated and  marked  to  read  in  milliamperes  by  the 
makers.  Fig.  62  shews  the  appearance  of  a  circle 
graduated  at  one  part  to  read  directly  into  current,  as 
compared  with  one  divided  in  equal  divisions  of  arc. 
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Medical  galvanometers  may  be  conveniently  divided 
into  the  vertical  and  horizontal  forms.  Fig.  63  shews 
one  of  the  vertical  type.  It  is  easily  read  but  does  not 
always  work  very  well,  perhaps  owing  to  a  tendency  to 
clog,  from  dust  and  dirt  at  the  axis  interfering  with  its 
movement.  It  is  convenient  in  use,  however,  because 
it  is  not  necessary  to  set  it  in  a  definite  position  with 
regard  to  the  north  and  south  line  (magnetic  meridian) 
at  the  place  where  it  is  to  be  used. 

Fig.  64  shews  a  horizontal  galvanometer  of  a  form 


Fig.  64.— Horizontal  galvanometer. 

made  by  M.  Gaiffe,  and  also  explains  the  construction 
of  the  instrument.  S  S'  are  binding  screws,  V  V  are 
levelling  screws,  D  the  base  board,  G  the  graduated 
scale  in  the  case  enclosing  the  wire  coils,  B  and  C  the 
metal  case  of  the  instrument.  The  small  screw  at  v 
moves  the  lever  A  which  lifts  the  needle  off  its  pivot 
when  not  in  use.  The  pointer  is  made  of  aluminium 
for  lightness  sake,  and  is  set  at  right  angles  to  the  real 
magnetic  needle  which  is  hidden  inside  the  coils.  Be- 
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fore  use  the  instrument  must  be  so  placed  and  levelled, 
that  the  needle  comes  to  rest  at  the  zero,  and  swings 
freely  about  that  point.  The  magnetic  needle  then 
points  along  the  magnetic  meridian  of  the  place  where  it 
is  to  be  used. 

This  instrument  as  generally  made  is  designed  for 
measuring  large  currents  only.  It  is  calibrated  to  read 
up  to  250  milliamperes,  and  each  division  represents  10 
or  20  milliamperes,  it  is  therefore  not  convenient  for 
regulating  small  currents,  but  is  the  form  most  useful 
for  the  electrolysis  of  nasvi,  and  for  the  electric  bath. 

Fig.  65  is  a  representation  of  Edelmanns  large  non- 
portable galvanometer  which  is  a  very  convenient  and 
beautiful  instrument.  At  F  is  seen  one  of  the  three 
feet  of  the  instrument  with  its  levelling  screw,  M  is  the 
base  board,  G  a  short  cylinder  of  glass  covered  by  a 
glass  top  L,  which  is  perforated  at  the  centre  for  the 
needle  suspension  to  pass  through  ;  these  make  a  case 
for  the  instrument  and  keep  it  from  dust.  The  magnet 
with  its  long  straw  pointer  Z,  the  end  of  which  is  seen 
at  W,  is  suspended  by  a  cccoon  silk  fibre  supported  from 
a  pin,  which  can  be  raised  and  lowered  by  a  rack  and 
pinion  worked  by  the  milled  head,  S.  N  is  a  wooden 
ring  which  supports  the  pillar  down  which  the  suspen- 
sion passes.  T  is  the  scale,  a  cylinder  of  paper  divided 
to  read  in  milliamperes.  This  arrangement  of  the  scale 
is  specially  designed  in  order  that  the  instrument  may 
be  read  from  a  distance.  At  a  and  b  are  seen  the 
wires  which  lead  the  current  into  and  out  of  the  gal- 
vanometer, the  three  small  discs  numbered  in  the  figure 
10,  20  and  30  should  be  numbered  10,  100,  1000,  they 
are  the  heads  of  three  screws  by  means  of  which 
shunts  can  be  thrown  in  to  reduce  the  proportion  of 
current  passing  through  the  galvanometer  to  ^^^y,  or 
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Ymm  respectively  of  that  in  the  whole  circuit,  so  that  when 
one  of  these  is  in  use  the  reading  of  the  scale  must  be 
multiplied  by  10,  100  or  1000,  as  the  case  may  be,  to 
give  the  whole  current  in  the  circuit. 

It  has  already  been  mentioned  that  a  galvanometer  of 
so  high  a  resistance  that  the  resistance  of  a  battery  is 


Fig.  65.— Edelmann's  galvanometer. 

negligible  compared  with  it  may  be  used  for  finding 
electromotive  forces,  and  such  a  galvanometer  is  called 
a  Voltmeter.  Small  voltmeters  of  this  type  are  sold  by 
electrical  engineers  for  testing  storage  cells,  and  are 
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calibrated  up  to  about  2-5  volts.  A  figure  is  given  of  the 
one  sold  by  the  E.  P.  S.  Company  for  testing  their  ac- 
cumulators. The  terminals  of  the  instrument  are  con- 
nected with  the  rough  ends  of  the  small  rod  shewn,  and 
these  are  pressed  and  rubbed  against  the  poles  of  the 
cell  to  be  tested,  thus  making  a  good  connection.  Such 
a  voltmeter  is  a  necessary  adjunct  to  an  accumulator 
(see  §  113). 


Fig.  65. — Voltmeter. 

There  are  many  other  types  of  voltmeters  for  other 
purposes.  Cardew's  consist  of  a  long  strip  of  platinum 
iridium  wire  which  is  heated  by  the  current,  and  ex- 
pands, moving  a  pointer  which  indicates  the  expansion 
on  a  specially  calibrated  dial.  Ayvton  and  Perry s  is  a  coil 
or  solenoid,  which  draws  a  soft  iron  core  into  it,  and  the 
movement  is  indicated  on  the  dial  by  a  very  ingenious 
sprin-  invented  by  them.     All  these  instruments  are 
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calibrated  by  the  makers  to  read  in  volts,  but  should  be 
checked  from  time  to  time  by  the  user. 

132.  Testing  instruments.— All  batteries  and  other 
electrical  instruments  should  from  time  to  time  be  tested, 
thus,  it  is  advisable  to  know  both  the  electromotive 
force  and  internal  resistance  of  batteries  in  use.  If  a 
Post  Office  resistance  box  is  at  hand,  so  that  the  method 
of  Wheatstone's  bridge  (§  67)  can  be  applied,  the  easiest 
method  of  finding  a  battery  resistance  is  to  couple  up 
two  cells  in  opposition  to  each  other,  and  find  their  re- 
sistance in  the  same  way  that  the  resistance  of  a  wire  is 
found.  Half  the  resistance  of  the  combination  may 
then  be  taken  as  the  resistance  of  the  battery.  Or 
Mance's  method  as  modified  by  Lodge  may  be  used,  this 
method  is  described  in  S.  P.  Thompson's  "  Lessons,"  or 
in  Balfour  Stewart  and  Gee's  "  Practical  Physics,"  or  in 
almost  any  book  on  electrical  testing. 

The  electromotive  force  of  a  battery  may  be  read  off 
at  once  by  using  a  suitable  voltmeter,  or  it  may  be  found 
by  connecting  up  the  battery  with  a  galvanometer,  and 
a  known  high  resistance  of  several-  thousand  ohms. 
The  internal  resistance  is  negligible  compared  with 
this,  and  if  the  resistance  of  the  galvanometer  be  known 
we  can  find  the  electromotive  force  from  the  equation 

E 

C  =  — or  E  =  RC. 
R 

Thus,  for  example,  a  certain  cell  was  connected  up 
with  a  resistance  of  900  ohms,  and  a  galvanometer  of 
100  ohms  resistance,  and  gave  a  current  of  2  milliam- 
peres  (-002  ampere).  The  electromotive  force  of  the 
battery  was  therefore  E  =  RC  =  1000  x  .-002  =  2  volts. 
The  electromotive  forces  of  batteries  may  be  compared 
with  great  accuracy  by  Latimer  Clark's  Potentiometer. 
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This  is  well  described  in  Glazebrook  and  Shaw's  "  Prac- 
tical Physics." 

133.  Voltameters. — The  periodical  testing  of  a 
galvanometer  is  best  carried  out  by  means  of  a  volta- 
meter (§60).  A  battery  of  three  or  four  cells,  pre- 
ferably of  the  Bunsen  or  Grove  type,  is  connected  up  with 
an  adjustable  resistance,  a  voltameter,  and  the  galvano- 
meter to  be  tested.  By  a  trial  experiment  it  is  found 
what  resistance  it  is  necessary  to  insert  that  the  current 
may  give  a  convenient  deflection.  It  should  be  so  ar- 
ranged that  the  deflection  of  the  galvanometer  is  45°. 
Then  everything  is  made  ready  and  the  current  is  turned 
on  and  the  time  taken ;  readings  of  the  galvanometer 
are  taken  frequently  when  convenient,  say  at  every 
thirty  seconds,  and  the  current  is  kept  as  nearly  as 
possible  constant  by  varying  the  resistance  in  the  cir- 
cuit. The  current  is  allowed  to  pass  for  a  measured 
time,  conveniently  ten  minutes,  and  the  circuit  is  then 
broken. 

From  the  quantity  of  decomposition  that  has  taken 
place  in  the  voltameter,  the  total  quantity  of  electricity 
in  coulombs  that  has  passed  is  known.  This  divided 
by  the  number  of  seconds  gives  the  average  current  in 
amperes,  the  mean  of  the  readings  of  the  galvano- 
meter is  then  taken,  and  this  gives  the  average  current 
indicated  by  the  galvanometer  which  should  be  equal 
to  that  deduced  from  the  voltameter.  If  it  is  not  so, 
the  necessary  correction  to  apply  to  the  galvanometer 
readings  is  easily  calculated.  The  commonest  form  of 
voltameter  sold  by  instrument  makers  is  the  water 
voltameter. 

134.  Water  voltameter. — This  instrument  is  shown 
in  fig.  67.  P  is  the  stand  with  binding  screws,  B,  B , 
T  a  glass  tube,  closed  above  by  a  perforated  cork  h.  C 
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an  inner  tube,  with  platinum  electrodes  F,  F',  and  with 
two  small  openings,  O,  O',  for  the  exit  of  water  dis- 
placed from  the  inner  tube  by  the  gases  liberated.  The 
inner  tube  is  closed  above  by  a  stopper  which  can  be 
moved  by  the  wire  A,  passing  through  the  cork  b.  The 
inner  tube  is  to  be  filled  with  acidulated  water  and 


Fig.  67. — Water  voltameter. 

closed  above,  the  outer  tube  is  to  be  partly  filled  ;  the 
liberated  gas  collects  in  the  inner  tube  and  the  water 
displaced  is  driven  into  the  outer  tube.  The  amount  of 
gas  hberated  in  a  measured  time  can  be  read  off  by  the 
graduated  scale  on  the  inner  tube. 

Though  an  exceedingly  inaccurate  instrument  it  is  not  difficul 
to  use  to  check  the  readings  of  a  galvanometer  or  ammeter.  It 
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may  be  used  as  follows  :— Connect  up  with  a  battery  giving  suffi- 
cient electromotive  force  the  voltameter,  the  galvanometer  to  be 
tested,  and  a  resistance  which  must  be  adjustable,  and  of  such 
a  magnitude  that  the  deflection  of  the  galvanometer  is  a  con- 
venient one,  viz.,  about  45°  of  arc.    Take  the  time  at  which  the 
current  is  started  and  record  the  reading  of  the  galvanometer  as  de- 
scribed above.    After  ten  minutes  or  a  quarter  of  an  hour,  during 
which  time  the  current  has  been  kept  as  nearly  constant  as  possible 
by  varying  the  adjustable  resistance,  the  circuit  is  broken  and  the 
volume  of  gas  is  read  off,  care  being  taken  that  the  level  of  the 
water  inside  and  outside  the  measuring  tube  is  the  same.     The  tem- 
perature and  the  height  of  the  barometer  must  then  be  taken,  all 
proper  corrections  being  applied.    The  mean  current  recorded  by  the 
average  reading  of  the  galvanometer  should  then  be  equal  to  that 
calculated  from  the  voltameter.     This  calculation  may  be  carried 
out  as  follows:— Each  coulomb  of  electricity  (one  ampere  for  one 
second)  in  passing  through  the  water  liberates  -118  cubic  centimetres 
of  hydrogen,  and  -058  cubic  centimetres  of  oxygen,  or  -176  cubic 
centimetres  of  mixed  gases  ;  therefore  in  one  minute  -176  X  60  = 
10-56  cubic  centimetres  would  be  liberated  by  a  current  of  one 
ampere,  and  in  ten  minutes  105-6  cubic  centimetres.    In  the  same 
time  a  current  of  ten  milliamperes  would  liberate  1-056  cubic  centi- 
metres of  mixed  gases. 

As  has  been  said  the  method  is  a  most  inaccurate  one  since  a 
proportion  of  the  gas  which  should  be  evolved  always  remains  dis- 
solved in  the  liquid  or  adherent  to  the  electrodes.  The  corrections, 
too,  are  somewhat  troublesome,  though  the  method  is  so  rough  that 
they  may  often  be  omitted  without  much  impairing  the  accuracy  of 
the  result. 

135.  Copper  voltameter.— A  far  better  form  is  the 
copper  voltameter  which  is  easily  made  up  by  anyone. 
It  simply  consists  of  two  plates  of  thin  copper  sheet, 
say  10  centimetres  by  5  centimetres,  suspended  in  a 
beaker  full  of  solution  of  copper  sulphate.  They  can  be 
clamped  by  binding  screws  to  strips  of  wood  resting 
across  the  top  of  the  beaker.  The  plates  are  dried  and 
cleaned  carefully  and  weighed  separately  before  the 
experiment  is  commenced.    After  it  is  finished  they  are 
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well  rinsed  in  distilled  water  and  again  dried  by  gentle 
warming  and  weighed.  That  connected  with  the  zinc 
pole  of  the  battery  will  be  found  to  have  increased  in 
weight,  the  other  will  have  diminished  by  about  an 
equal  amount.  The  mean  may  be  taken  as  the  amount 
of  decomposition.  Now  the  electro-chemical  equivalent 
of  copper  (the  quantity  deposited  by  one  ampere  in  one 
second)  may  be  taken  as  -00033  grammes.  Hence  if  the 
current  flows  for  ten  minutes  and  we  find  -oi  gramme 
of  copper  deposited,  the  mean  current  will  be  given  by 
C  X  -00033  X  60  X  10  =  -oi,  or  C  =  -0505  amperes  = 
50-5  milhamperes.  Care  must  be  taken  that  the  density 
of  current  in  the  voltameter  is  not  too  great  or  the  cop- 
per is  apt  to  deposit  in  a  flaky  manner  and  scale  off 
while  being  washed. 

The  copper  voltameter  is  in  many  respects  superior 
to  the  water  voltameter  since  no  special  instrument  is 
needed  and  an  observation  to  determine  the  weight  of 
the  copper  is  much  simpler  than  the  determination  of 
the  volume  of  the  gases  evolved  with  all  the  necessary 
corrections  for  pressure  and  temperature.  Besides  in 
the  latter  case  the  observed  result  is  incorrect,  because 
the  water  always  retains  a  portion  of  the  evolved  gas  in 
solution. 
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CHAPTER  VII. 
Physiology. 

General  considerations.  Diffusion  of  current  in  the  body.  The 
body  as  a  conductor.  The  resistance  of  the  body.  Physio- 
logical effects  of  electrical  currents.  Electrical  phenomena  of 
nerve  and  muscle.  Electrotonus.  Pfliiger's  law  of  contraction. 
The  law  of  contraction  in  the  human  subject.  Unipolar  exci- 
tation. Electrical  reactions  of  muscle.  The  heart.  Treatment 
of  suspended  animation.  Sensory  nerves.  Nerves  of  special 
sense.  Other  organs.  Refreshing  action  of  the  current 
Trophic  effects.  Electrical  osmosis.  Thermal  effects.  Elec- 
trical organs. 

136.  General  considerations. — Although  a  large 
amount  of  work  has  been  done  on  the  electrical  phe- 
nomena of  nerve  and  muscle,  yet  the  influence  of  elec- 
tricity upon  the  tissues  of  the  body  is  still  very  obscure, 
especially  is  this  the  case  in  its  mode  of  action  in  the 
relief  of  disease.  The  condition  of  electrotonus  (§  142) 
is  largely  made  use  of  to  explain  the  therapeutic  effects 
of  electrical  treatment  in  paralysis  and  other  nervous 
disorders,  but  we  have  reason  to  believe  that  there  is 
something  more  than  this;  many  observers  have  thought 
that  the  applications  of  electricity  to  medicine  are  of  use 
chiefly  for  diagnostic  purposes,  or  as  a  means  of  exer- 
cising paralysed  muscles,  but  there  is  no  doubt  that  its 
uses  extend  much  further,  and  that  distinct  changes, 
which  may  be  called  trophic  changes,  do  follow  treat- 
ment by  galvanism;  for  instance,  the  treatment  of 
uterine  fibroids  by  Apostoli's  method,  where  powerful 
currents  are  passed  through  the  uterus,  one  electrode 
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being  placed  on  the  abdomen  and  the  other  introduced 
into  the  cavity  of  the  uterus,  certainly  leads  to  diminu- 
tion in  the  size  of  the  tumour  and  to  relief  of  the  sym- 
ptoms. It  has  also  been  observed  that  considerable 
increase  in  the  subcutaneous  abdominal  fat  has  followed 
this  treatment.  The  benefits  of  Apostoli's  treatment 
have  been  spoken  of  as  due  to  electrolysis,  but  until 
further  help  can  be  obtained  from  the  physicists,  who 
at  present  are  able  to  tell  us  little  about  the  state  of 
affairs  going  on  in  an  electrolyte,  we  must  be  content  to 
remain  uncertain  whether  this  is  the  case  or  not. 

There  is  no  doubt,  however,  that  in  the  liquid  be- 
tween the  poles  of  an  electrolytic  cell  there  must  be 
molecular  changes  quite  as  active,  although  not  visible 
to  the  eye,  as  those  other  changes  which  we  can  see  to 
be  taking  place  in  the  immediate  neighbourhood  of  the 
poles  of  the  cell.  The  tissues  of  the  body  conduct  the 
galvanic  current  in  an  electrolytic  (§§  58,  59)  manner, 
and  it  is  very  probable  that  the  tissue  elements  between 
the  poles  do  share  actively  in  the  molecular  changes 
which  are  set  up. 

137.  Diffusion  of  current  in  the  body  The 

density  of  the  current  (§§  68,  124)  and  the  diffusion 
of  the  current  as  it  passes  through  the  tissues  from  one 
electrode  to  the  other,  have  an  important  influence  upon 
the  results  produced.  It  has  already  been  stated  that 
in  large  and  heterogeneous  conductors,  like  the  human 
body,  the  current  spreads  out  in  sheets  as  it  passes  from 
anode  to  cathode.  Dr.  De  Watteville  has  very  clearly 
illustrated  this  as  follows  :— He  says  :  "The  reader  may 
picture  to  himself  the  electrical  density  at  any  point  of 
a  circuit  of  variable  diameter  by  representing  the  strength 
of  a  given  current  flowing  through  it  by  a  certain 
number  of  lines.     These  lines  expand  in  the  wider 
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portions  of  the  circuit  owing  to  the  diffusion,  and  be- 
come crowded  together  in  the  narrower  parts.  A  crowd 
issuing  through  a  narrow  door,  and  through  gradually 
expanding  passages,  and  finally  reaching  the  street,  like 
electricity  flowing  through  a  circuit  of  variable  diameter, 
is  said  to  be  densest  at  the  narrow  exit,  and  it  thins  out, 
is  diluted  in  space  as  it  were,  as  it  reaches  the  wider 
outlets." 

The  path  of  a  current  between  two  electrodes  placed 
upon  the  body  surface  is  not  to  be  marked  out  simply 
by  drawing  direct  lines  from  the  one  to  the  other,  for 
the  whole  of  the  conducting  tissues  between  the  elec- 
trodes help  to  provide  a  passage  for  the  current,  which 
spreads  out  from  beneath  the  positive  electrode,  becoming 
less  and  less  dense  as  it  occupies  a  wider  and  wider 
sectional  area  of  the  conductor,  and  again  grows  denser 
as  its  lines  of  passage  become  once  more  gathered  to- 
gether to  reach  the  negative  electrode. 

Fig.  69  shows  the  divergence  of  the  directions  of 
these  lines  of  current  as  they  pass  from  a  positive 
electrode  placed  upon  the  back  of  the  arm  to  reach 
the  negative  electrode  placed  somewhere  upon  the 
trunk,  and  it  very  well  illustrates  the  fact  that  the 
current  is  not  confined  to  the  space  directly  between 
the  electrodes,  for  some  of  the  lines  which  indicate  its 
direction,  actually  commence  their  course  by  curving 
downwards  through  the  tissues  below  the  electrode  ; 
once  more  using  Dr.  De  Watteville's  simile  of  a  crowd, 
we  might  compare  this  to  people  in  the  streets  of  a 
busy  city,  with  a  few  of  the  individuals  choosing  to  go 
by  a  circuitous  route  through  side  streets  in  order  to 
secure  a  more  open,  even  if  a  more  roundabout  passage. 

It  follows  that  parts  of  the  body  which  are  outside 
the  direct  line  of  the  electrodes  may  be  influenced  by 
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the  current  passing  between  the  electrodes,  and  it  will 
be  seen  from  the  chapters  on  treatment  that  this  may 
sometimes  be  advantageous,  and  sometimes  the  reverse. 

It  also  follows  that  the  size  of  the  electrodes  is  of 
importance  in  treatment,  for  at  the  surface  of  contact  of 
a  small  electrode  the  density  of  current  per  unit  of  sur- 
face, when  a  definite  quantity  of  current  is  flowing,  will 
be  greater  than  when  large  electrodes  are  used  ;  this 
point  has  been  already  alluded  to  in  §  124,  and  will  be 
again  referred  to  later. 

138.  The  body  as  a  conductor  The  body  is  a 

conductor  exactly  in  the  same  way  as  saline  solutions  or 
moist  sponges  are  conductors,  that  is  to  say,  it  is  an 
electrolyte,  and  the  tissues  between  the  electrodes  during 
the  passage  of  a  current  are  in  exactly  the  condition  of 
the  liquids  in  an  electrolytic  cell,  consequently  the  pas- 
sage of  the  current  causes  the  accumulation  at  the 
positive  electrode  of  acids,  chiefly  hydrochloric,  from 
the  abundance  of  sodium  chloride  in  the  juices  of  the 
body,  and  of  bases,  chiefly  soda  for  the  same  reason,  at 
the  negative  electrode.  The  region  between  the  poles 
shows  no  evidences  of  either  free  acid  or  free  alkali, 
and  yet  we  feel  sure  that  there  must  be  some  exchanges 
taking  place  all  through  the  chains  of  molecules  between 
anode  and  kathode.  Moreover,  it  is  not  reasonable  to 
assume  that  the  changes  are  only  taking  place  in  the 
fluids  of  the  intercellular  spaces,  for  they  must  also  go 
on  in  the  whole  of  the  cell  substance  wjich  is  traversed 
by  the  current. 

139.  The  resistance  of  the  body.— The  conducting 
power  of  the  tissues,  like  that  of  any  other  conductor, 
depends  upon  their  sectional  area,  and  upon  the  length 
of  tissue  to  be  traversed. 

Dr.  W.  H.  Stone,  "  Lumleian  Lectures,"  1886,  has 

o  2 
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carefully  considered  the  subject  of  the  resistance  of  the 
human  body,  and  finally  sets  it  down  at  about  looo 
ohms.    But  unless  great  care  be  taken  to  ensure  good 
contacts  the  resistance  will  be  much  higher  than  this, 
because  the  greater  part  of  the  resistance  of  the  body  is 
situated  in  the  skin.    We  are  told  that  Count  du  Moncel 
experimentally  determined  the  electrical  resistance  of 
his  wife  from  wrist  to  wrist,  using  small  platinum  elec- 
trodes, and  found  it  at  first  to  be  3,500  ohms,  gradually 
falling  to  2,200  ohms  ;  the  diminution  in  resistance  was 
caused  by  the  electrolysis  and  destruction  of  the  skin 
beneath  the  electrodes  leaving  scars  upon  the  Countess' 
wrists  for  the  rest  of  her  life.    According  to  Dr.  Stone 
the  human  body,  from  an  electrical  point  of  view,  is  a 
mass  of  fairly  well  conducting  material,  enclosed  m  a 
remarkably  badly  conducting  cutaneous  envelope.    "  In 
measuring  resistance,  therefore,  it  is  necesary  first  to 
diminate  surface  contact  resistances,  for  the  resistance 
at  the  skin  may  be  8,000  to  20,000  ohms,  but  the  real 
and  essential  point  to  be  ascertained  is  the  very  much 
smaller  resistance  of  the  deeper  tissues.     To  obtain 
^ood  electrical  contact  it  is  necessary  that  the  poles 
should  be  very  large  as  compared  with  the  current,  and 
in  practice  this  condition  can  be  fulfilled  by  immersmg 
the  feet  or  hands  in  baths  of  brine  in  contact  .vith  an 
electrode  of  lead  having  a  surface  of  from  50  to  100 
square  inches.    In  this  way  the  resistance  of  the  skm 
can  be  reduced  to  zero,  so  that  it  is  a  contact  superior 
to  that  given  by  the  introduction  of  silver  needles  three 
nches  deep  into  the  tissues  ;  readings  of  the  resistance 
of  the  body  -^^^  these  conditions  gave  from  foot  to  hand, 
°o27  xosJand  13^0  ohms  respectively  m  three  cases 
nd  in  the  same  three  patients  the  resistance  measured 

from  foot  to  foot  was  930,  930  and  945  ohms.      It  ap- 
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pears  from  these  experiments  that  the  essential  resistance 
of  the  full  length  of  the  body  from  hand  to  foot  is  about 
1000  ohms,  but  that  from  the  resistance  of  the  skin  a 
much  higher  figure,  3000  or  5000  ohms  or  even  more, 
may  be  reached.  With  needles  inserted  into  the  skin, 
as  in  electrolysis  of  naevi,  the  resistance  is  much  less ;  for 
the  length  of  tissue  to  be  traversed  is  less,  particularly 
so  when  both  poles  are  inserted  into  the  nsevus,  and  are 
consequently  close  together.  After  the  current  has 
been  running  for  a  short  time  the  resistance  begins  to 
rise  from  the  development  of  polarization  (§  100)  in  the 
tissues,  this  rise  of  resistance  is  not  usually  perceptible 
when  ordinary  medical  electrodes  are  used,  because  it 
is  more  than  masked  by  the  improvement  in  conducting 
power  which  takes  place  after  the  current  has  been  flow- 
ing long  enough  to  increase  the  vascularity  of  that  part 
of  the  skin  which  is  in  contact  with  the  poles. 

In  the  experiment  of  Count  du  Moncel  on  his  wife  the 
resistance  fell  rapidly  as  the  skin  beneath  the  electrodes 
became  first  congested  and  later  destroyed,  but  even 
then  the  reading  was  higher  than  those  of  Dr.  Stone, 
because  considerable  polarization  had  been  produced 
and  that  raised  the  resistance  of  the  body,  or  more  cor- 
rectly, perhaps,  it  produced  an  opposing  electromotive 
force  which  simulated  increased  resistance. 

Dr.  Stone  has  also  found  that  in  six  cases  of  hemi- 
plegia which  he  tested,  the  paralysed  side  offered  much 
less  resistance  than  the  sound  side  ;  the  difference  be- 
tween the  two  sides  being  on  the  average  400  ohms. 
The  resistance  of  the  body  has  also  been  shown  to  be 
greatly  diminished  in  exophthalmic  goitre ;  probably 
this  is  due  to  the  increased  moisture  of  the  skin  in  this 
disease. 

In  electrical  treatment  the  resistance  of  the  body 
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must  usually  be  taken  as  the  sum  of  the  resistances  of 
the  skin,  and  of  the  deeper  tissues,  because  the  require- 
ments of  localised  treatment  often  make  it  impossible  to 
use  the  large  lead  electrodes  and  brine  baths  which 
were  employed  by  Dr.  Stone.     The  total  resistance  of 
the  human  body  will  be  found  to  vary  tremendously 
with  the  variations  in  the  thickness  or  the  dryness  of 
the  skin,  also,  according  to  Erh,  it  varies  with  the  num- 
ber of  sweat  ducts,  hair  follicles  and  sebaceous  glands 
in  any  part,  for  it  is  largely  by  means  of  these  fine 
channels  that  the  current  passes,  accordingly  in  different 
persons  the  resistance  between  any  symmetrical  points 
may  vary  very  widely,  and  in  the  same  person,  different 
regions  of  the  skin  may  offer  very  different  resistances. 
When  the  current  is  applied  to  a  mucous  membrane 
the  resistance  is  much  lower ;  and  when  it  is  applied 
through  the  medium  of  needles  thrust  into  the  tissues, 
the  resistance  may  be  as  low  as  loo  ohms  or  less, 
according  to  the  distance  between  the  poles  ;  for  in- 
stance with  both  poles  in  a  naevus  a  current  of  lOO 
milliamperes  can  be  obtained  with  ten  volts  showing 
the  resistance  to  be  less  than  loo  ohms,  and  with  both 
poles  introduced  into  the  sac  of  an  aneurism  a  resist- 
ance as  low  as  lo  ohms  has  been  registered.    So,  too, 
it  is  a  well  known  observation  that  the  resistance  dimin- 
ishes with  the  duration  of  the  current,  the  size  of  the 
electrodes  and  the  number  of  cells  remaining  constant. 
Erh  gives  a  table  which  brings  out  this  point  clearly, 
the  experiment  was  commenced  with  eight  cells,  and 
the  readings  of  a  galvanometer  in  circuit  Avere  noted ; 
the  number  of  cells  was  progressively  increased  by 
fours,  and  at  every  step  the  current  was  made  and 
reversed  several  times,  after  the  number  of  cells  had 
been  raised  to  24  it  was  lowered  again  in  the  same 


PHYSIOLOGY. 


199 


26^ 
12° 


manner  until  at  the  end  of  the  experiment,  when  the 
number  of  cells  left  in  circuit  was  only  four,  they  were 
actually  giving  a  greater  deflection  of  the  galvanometer 
than  twelve  cells  had  previously  done. 

Commencement : — 

With  8  cells  0°  defl.  With  20  cells  46°  defl. 

„  12    „     6°   „  „     16    „    40°  " 

„  16    „    28°   „  „     12    „    34°  " 

,,  20    „    42°   „  ,,  8 

24    ,,    50°   ,,  4  : 

The  results  given  in  this  table  would  probably  have 
been  much  less  marked  if  there  had  first  been  a  pro- 
longed sponging  or  soaking  of  the  skin  with  hot  water 
at  the  points  of  application  ;  for  the  effects  shown  de- 
pend at  least  in  part  upon  the  increased  vascularity  and 
perspiration  which  the  galvanic  current  produces,  and 
which  could  have  been  almost  equally  well  produced 
by  the  stimulating  effect  of  hot  water. 

The  excessive  resistance  which  is  sometimes  offered 
by  the  thick  dry  skin  (especially  of  patients  who  have 
been  long  confined  in  bed,  and  when  there  has  been 
little  or  no  perspiration  for  some  time)  sometimes  pre- 
sents a  considerable  obstacle  to  the  electrical  examina- 
tion of  their  muscles,  and  unless  care  is  taken,  it  is  apt 
to  mislead. 

140.  Physiological  effects  of  the  current. — The 

effect  of  electrification  upon  the  nervous  system  seems  to 
depend  partly  upon  the  quantity  of  current  flowing,  and 
partly  upon  the  rate  of  change  of  the  electromotive  force 
in  the  circuit.  It  is  possible  to  tolerate  the  gradual 
introduction  or  the  steady  passage  of  twenty  or  thirty 
milliamperes  through  the  body  if  the  contacts  with  the 
skin  at  the  electrodes  are  large  and  good,  but  the  sensa- 
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tion  of  shock  is  severe,  if  currents  of  live  milliamperes 
are  rapidly  thrown  into  the  body ;  and  when  the  current 
is  broken  rapidly  its  sudden  cessation  also  produces  a 
far  greater  impression  than  that  felt  while  it  is  run- 
ning steadily.  This  shock  at  the  break  or  opening  of 
the  circuit  is  difficult  of  explanation,  and  nothing  com- 
parable to  it  is  observed  with  inanimate  electrical  cir- 
cuits or  apparatus,  for  it  is  not  of  the  nature  of  an 
induction  effect ;  the  explanation  which  is  offered  in 
physiological  textbooks,  namely,  that  a  sudden  fall  of 
potential  is  an  effective  stimulus  to  a  nerve  fibre  is  after 
all  no  explanation. 

The  important  part  played  by  rate  of  change  of  a 
current  in  producing  physiological  effects  is  clearly 
shown  by  what  has  just  been  said  of  the  current  slowly 
or  suddenly  made  and  broken  through  a  circuit  which 
includes  the  body ;  the  part  played  by  the  quantity  of 
current  passing  is  seen  by  a  comparison  of  the  effects 
of  a  spark  drawn  from  the  prime  conductor  of  an  elec- 
trical machine  with  that  from  a  Ley  den  jar.  A  spark 
a  quarter  of  an  inch  long  taken  from  the  former  pro- 
duces only  a  slight  impression,  but  a  spark  of  the  same 
length  from  the  jar  gives  a  violent  shock.  The  differ- 
ence between  the  two  is  largely  a  difference  in  quantity 
of  current  passing.  In  both  cases  the  electromotive 
force  is  very  high,  and  the  total  quantity  is  small ;  but, 
in  the  case  of  the  Ley  den  jar  there  is,  for  the  extremely 
brief  instant  of  the  discharge,  a  fairly  large  current,  be- 
cause of  its  capacity  (§  32)  as  a  condenser, 

141,  Electrical  phenomena  of  nerve  and  mus- 
cle.—The  electrical  phenomena  of  nerve  are  as  fol- 
lows : — 

Nerve  acts  as  a  conductor  ;  its  resistance  being  about 
equal  to  that  of  saline  solutions.     This  is  the  case 
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whether  it  be  alive  or  dead,  but  there  is  a  pecuHarity  in 
its  conductivity  which  is  unhke  that  of  saline  solution, 
viz.,  its  resistance  in  any  direction  does  not  depend 
solely  upon  its  sectional  area  as  would  be  the  case  in 
homogeneous  conductors,  but  it  conducts  more  readily 
along  the  length  of  its  fibres  than  across  them,  and  the 
same  peculiarity  is  also  found  in  muscle.*  Brenner  has 
shown  that  in  nerve  the  transverse  resistance  is  as  5  :  i, 
and  in  muscle  as  g  :  i,  as  compared  with  their  longitu- 
dinal resistances.  It  is  probable  that  these  differences 
in  resistance  simply  signify  that  as  conductors  they  are 
not  homogeneous. 

Electrical  currents  in  nerve  and  muscle. 

a.  Current  of  rest. — A  living  nerve  or  muscle  is  a  source 
of  electrical  currents,  for  if  the  wires  of  a  sensitive  gal- 
vanometer be  attached  to  two  points  in  a  removed  por- 
tion of  either,  the  existence  of  a  current  will  be  made 
manifest  by  the  deflection  of  the  galvanometer  needle, 
its  direction  being  that  which  indicates  a  current  pass- 
ing through  the  wire  from  the  central  part  of  the  length 
of  nerve  to  its  extremities ;  this  current  is  called  the 
current  of  rest.  It  is  more  easily  demonstrated  in  an  ex- 
cised and  therefore  damaged  portion  of  nerve  or  muscle 
than  in  a  part  which  is  still  lying  uncut  in  the  body  ; 
and  indeed  it  is  probable  that  this  current  of  rest  only 
exists  in  damaged  tissue,  and  is  not  present  in  normal 
parts  at  all,  but  that  it  is  set  up  by  chemical  changes 
resulting  from  the  injury. 

h.  Current  of  action. — If  while  the  galvanometer  is  at- 
tached to  it,  the  nerve  or  muscle  be  stimulated  in  any  way, 
whether  by  electrical,  mechanical,  chemical,  thermal,  or 

*  This  may  well  be  compared  with  the  phenomena  of  the  conduc- 
tion of  heat  in  wood,  which  takes  place  at  a  different  rate  according 
to  the  direction  of  the  grain  of  the  wood. 
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any  other  means,  then  the  galvanometer  needle  will  give 
evidence  of  the  production  of  an  electrical  current  by  a 
momentary  deflection  in  the  opposite  direction  to  that 
produced  by  the  current  of  rest ;   this  has  been  called 
the  negative  variation  of  the  current,  or  the  current  of 
action.     It  is  propagated  in  both  directions  from  the 
point  stimulated,  and  travels  in  nerve  at  the  rate  of  28 
metres  per  second,  that  is  to  say,  the  disturbance  of 
equilibrium  producing  the  current  moves  at  that  speed, 
which  is  very  much  slower  than  the  rate  at  which  an 
electrical  current  travels  along  a  nerve,  and  is  an  en- 
tirely different  thing.    The  impulse  which  passes  along 
a  nerve  to  cause  muscular  contractions  or  sensory  im- 
pressions is  not  an  electrical  impulse  pure  and  simple, 
although  there  is  an  electrical  change  associated  with  it. 
If  a  nervous  impulse  was  simply  an  electrical  current  it 
should  be  transmissible  by  an  electrical  conductor,  as 
for  instance  a  copper  wire,  but  it  is  not  so  transmitted, 
neither  will  a  piece  of  damaged  nerve  convey  a  nervous 
impulse,  although  it  may  readily  convey  an  electrical 
current,  moreover,  the  velocity  of  an  electrical  current  in 
a  conductor  such  as  a  nerve  trunk  is  immensely  more 
rapid  than  the  velocity  of  a  nervous  impulse  in  a  nerve 
trunk.    In  muscle  the  current  of  action  is  propagated 
at  the  rate  of  three  metres  per  second. 

c.  Electrotonic  current .—Dviving  the  passage  of  a  con- 
stant current  through  a  length  of  nerve  a  change  is  pro- 
duced in  its  currents  of  rest.  Take  the  case  of  a  long 
portion  of  excised  nerve  which  has  electrodes  arranged 
for  the  passage  of  a  constant  current  along  its  middle 
third  from  r  to  r' ,  and  has  also  two  galvanometers  each 
including  in  their  circuit  a  short  length  of  nerve  near  its 
extremities,  and  arranged  to  show  the  existence  of  the 
currents  of  rest ;  when  the  constant  current,  sometmies 
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called  the  polarizing  current,  has  been  thrown  into  the 
nerve,  and  the  momentary  negative  variations  produced 
at  the  moment  of  closure  are  over,  the  deflections  of  the 
galvanometers  will  be  found  altered,  the  alteration  de- 
pending upon  the  direction  of  the  constant  current. 
One  of  them  will  exhibit  a  greater  deflection  than  be- 
fore, the  other  one  will  exhibit  a  lesser  deflection,  as 
though  the  polarising  current  were  reinforcing  the  one 
and  antagonising  the  other. 


^  > 


Fig.  68.— Electrotonic  currents. 

A  reference  to  the  diagram  (fig.  68)  shows  that  the 
constant  current  has  the  same  direction  as  the  current 
of  rest  in  the  circuit  of  the  galvanometer  B,  and  has  a 
direction  opposite  to  the  current  of  rest  in  the  circuit  of 
the  galvanometer  A,  and  accordingly  the  deflection  of 
the  galvanometer  B  is  increased  as  if  reinforced,  and 
that  of  the  galvanometer  A  is  diminished  as  if  antago- 
nised. 

142.  Electrotonus. — The  electrotonic  currents  just 
described  are  not  the  only  effects  which  are  produced  in 
a  nerve  during  the  passage  of  a  constant  current  along 
it,  for  there  are  produced  in  addition  certain  alterations 
in  the  irritability  of  the  nerve  and  certain  alterations  in 
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its  conductivity  ;  this  altered  state  is  known  under  the 
name  of  elcctvotonus.  Electrotonus  then  is  the  condition 
of  a  nerve  during  the  passage  through  it  of  a  constant 
current,  but  the  effects  in  that  part  of  the  nerve  near  the 
anode  are  not  the  same  as  those  near  the  kathode,  thus 
there  is  one  altered  state  round  the  anode  or  anelcctrotonus 
and  another  different  altered  state  round  the  kathode  or 
kathelectrotoniis. 

a.  Anelectrotonus. — In  the  region  of  the  anode  the  irri- 
tability of  the  nerve  is  diminished,  the  fall  in  irritabihty 
taking  place  at  the  moment  when  the  circuit  is  closed, 
and  remaining  diminished  till  the  circuit  is  again  opened, 
when  there  is  a  return  to  the  normal.  Also  the  condtic- 
tivity  of  the  nerve  for  nervous  impulses  becomes  dimin- 
ished by  the  development  round  the  anode  of  a  resisting 
area  through  which  nerve  impulses  pass  only  with  diffi- 
culty. 

b.  Kathelectrotom^s.— Round  the  kathode  the  closure  of 
the  circuit  causes  a  rise  of  irritability  which  is  maintained 
during  the  passage  of  the  current,  and  returns  to  the 
normal  level  when  the  current  has  ceased  to  flow.  The 
sudden  rise  of  irritability  at  the  kathode  on  closure  is  a 
stimulus  to  the  nerve,  and  so  also  in  a  less  degree  is  the 
rise  from  a  diminished  irritability  to  the  normal  at  the 
anode  on  opening.     The  importance  of  electrotonus 
partly  lies  in  the  explanation  which  it  affords  us  of  the 
behaviour  of  muscle  towards  constant  currents,  at  their 
make  (closure)  and  break  (opening).    Electrotonus  is 
also  useful  medically  in  giving  us  a  clue  to  the  treat- 
ment of  disease,  accordingly  where  it  is  wished  to  in- 
crease the  irritability  of  a  part  the  condition  of  kath- 
electrotonus  should  be  set  up  by  applications  of  the 
kathode,  and  conversely  the  application  of  the  anode  is 
to  be  preferred  for  inducing  a  state  of  diminished  excita- 
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bility  and  so  of  relieving  pain  and  spasm.  It  is  generally 
known  that  the  constant  current  causes  a  muscular  con- 
traction at  the  moment  when  it  passes  into  a  motor  nerve, 
and  again  at  the  moment  when  it  is  shut  off,  but  that 
during  its  steady  passage  the  muscle  is  not  thrown  into 
contraction  ;  this  is  true  for  the  most  part  but  does  not 
hold  good  for  weak  currents,  nor  for  very  strong  cur- 
rents, which  may  produce  a  contraction  at  the  make 
only,  or  at  the  break  only,  or  may  produce  a  state  of 
tetanus.  It  can  be  easily  demonstrated  by  crushing  the 
nerve  at  one  part  that  stimuli  above  the  damaged  point 
cannot  transmit  a  nervous  impulse  downwards  to  the 
muscle,  for  by  the  injury  the  nerve  is  disabled  from  con- 
veying an  impulse,  though  remaining  an  electrical  con- 
ductor. If  then  the  electrodes  be  placed  upon  the 
nerve,  one  above  the  point  of  injury  and  one  below  it, 
it  will  be  observed  that  the  contraction  will  occur  at 
closure  only  when  the  pole  below  the  crushed  part  is 
the  kathode,  and  at  opening  only  when  the  pole  below 
the  crushed  part  is  the  anode,  showing  that  a  stimulus 
is  developed  at  the  kathode  at  the  moment  of  rise  of 
irritability  at  closure,  and  that  the  contraction  at  break 
is  started  from  the  anode  at  the  moment  of  rise  from  a 
minus  degree  to  zero  (opening).  Further  the  kathodal 
closing  contraction  is  a  stronger  one  than  the  anodal 
opening  one,  the  rise  of  irritability  from  the  normal 
degree  having  a  greater  effect  than  the  anodal  rise  to 
normal,  and  the  effect  of  the  anodal  opening  stimulus  is 
further  diminished  because  of  the  anelectrotonic  zone  of 
impaired  nervous  conductivity  which  surrounds  the 
anode  and  blocks  the  passage  of  the  nervous  impulse 
downwards  to  the  muscle. 

143.  Pfluger's  law  of  contraction. — This  name 
is  given  to  a  table  which  sums  up  the  results  of  ex- 
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periments  with  weak,  medium,  and  strong  currents  in 
such  a  way  as  to  show  the  effect  of  opening  and  closing 
with  (a)  descending  currents  (kathode  nearest  to  muscle) 
and  {b)  ascending  currents  (anode  nearest  to  muscle)  ; 
c  stands  for  contraction. 


Descending. 

Ascending. 

Current. 

Closure. 

Opening. 

Closure. 

Opening. 

I.  Weak. 

C 

C 

2.  Medium. 

c 

c 

c 

c 

3.  Strong. 

c 

c 

The  non-appearance  of  an  opening  contraction  with 
weak  currents  is  explained  by  saying  that  the  kathodal 
stimulus  at  closure  is  more  powerful  than  the  anodal 
stimulus  at  opening,  consequently,  if  the  experiment  be 
commenced  with  a  current  of  medium  strength,  produc- 
ing contractions  at  closure  and  at  opening,  and  if  the 
current  be  gradually  and  progressively  weakened  till  it 
approaches  the  point  of  minimal  stimulation,  the  weaker 
anodal  opening  stimulus  will  be  the  first  to  fail,  and  it 
will  have  become  too  weak  to  cause  a  contraction  before 
the  stronger  kathodal  closure  stimulus  has  become  too 
weak.    If  the  current  be  still  further  reduced  a  point 
will  be  reached  when  neither  closure  nor  opening  mil 
have  any  effect  upon  the  muscle.    With  weak  currents 
then,  the  closing  contraction  is  the  first  to  appear,  the 
opening  contraction  requiring  a  stronger  current  for  its 
production,  or  in  other  words,  with  an  uniform  and 
moderate  current,  the  closing  contraction  is  stronger 
than  the  opening  contraction. 

If  the  current  is  increased  very  much  in  strength  a 
point  is  reached  when  the  contraction  is  no  longer  pro- 
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duced  at  both  closing  and  opening ;    and  instead  it 
shows  itself  either  only  with  closure  if  the  current  be 
descending,  or  only  at  opening  if  the  current  be  ascend- 
ing.   The  reason  of  this  is  that  with  strong  currents 
there  is  a  considerable  obstacle  oifered  to  the  passage  of 
nervous  impulses  by  the  area  of  anelectrotonic  nerve, 
and  this  lying  chiefly  between  anode  and  kathode,  is 
able  to  block  the  passage  of  the  impulse  of  opening  from 
the  anode  to  the  muscle  if  the  current  be  a  descending 
one,  and  of  the  closing  impulse  from  the  kathode  if  the 
current  be   an   ascending  one.     Currents  sufficiently 
strong  to  show  these  effects  are  not  used  in  medical 
treatment,  and  it  is  not  necessary  to  dwell  longer  upon 
them,  but  the  other  phenomena  of  the  law  of  contraction 
which  are  of  importance  in  practice  are  that  with  the 
weak  or  moderate  currents  used  in  medicine,  the  closing 
contraction  appears  before  the  opening  contraction,  and 
when  they  are  both  produced  the  former  is  the  more 
vigorous  of  the  two.    Further  the  contraction  is  best 
seen  with  a  descending  current  for  then  the  kathode  is 
nearest  to  the  muscle  and  is  able  to  transmit  its  im- 
pulse to  the  muscle  without  any  interference  from  the 
diminished  conductivity  which  is   set  up  round  the 
anode.    When  the  current  is  ascending  and  the  kathode 
is  the  furthest  away  from  the  muscle  it  is  separated 
from  it  by  the  resisting  anodal  region,  consequently  the 
ascending  closing  contraction  is  weakened,  and  pro- 
duces an  efiect  about  equal  to  that  of  the  ascending 
opening  contraction. 

These  effects  studied  in  the  first  instance  in  dissected 
and  exposed  nerves  of  the  lower  animals,  can  also  be 
demonstrated  in  the  human  subject,  and  their  value 
and  significance  will  be  brought  out  when  the  subject 
of  diagnosis  is  being  treated.    It  will  then  be  shown 
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that  in  certain  pathological  conditions  the  normal  re- 
actions are  so  altered  that  the  anodal  closing  contraction 
may  be  equal  to  or  greater  than  the  kathodal  closing 
contraction. 

144.   The  phenomena  of  contraction  in  the 
human  subject.— £r5  has  shown  that  the  condition 
of  affairs  is  not  quite  so  simple  when  a  nerve  is  being 
tested  in  situ,  as  it  is  when  the  nerve  has  been  exposed, 
and  has  the  electrodes  directly  in  contact  with  it.  In 
speaking  of  the  electrical  examination  of  living  muscles 
through  the  skin  he  says  :    "We  have  to  deal  with 
nerves  which  are  surrounded  with  more  or  less  thick 
layers  of  well  conducting  tissues,  and  which  are  per- 
meated by  a  large  number  of  the  threads  of  current 
diffusion,  we  cannot  therefore  possibly  maintain  any 
uniform  current  density  in  the  nerve;    the  greatest 
density  of  the  current  will  always  be  found  immediately 
beneath  the  electrodes  ;  even  in  the  intrapolar  portions 
of  the  nerves  the  density  will  soon  become  so  slight,  if 
the  electrodes  are  not  closely  approximated,  that  a  part 
of  the  nerve  may  be  regarded  as  not  traversed  by  the 
current."    "  In  the  neighbourhood  of  each  pole  there 
occur  two  tracts  permeated  by  an  ascending  and  by  a 
descending  current  respectively.    Thus  it  is  impossible 
to  institute  a  strictly  physiological  experimentation  on 
the  living  man,  more  especially  the  direction  of  the 
current  which  has  erroneously  been  considered  of  so 
great  importance  must  be  excluded  from  all  account 
and  we  must  strive  to  find  the  law  of  contractions  of 
the  living  motor  nerve  within  the  body  without  reference 

The  order  of  appearance  and  the  relative  strength  ot 
-  Fo«Z/m55.»'s  "  Handbook  of  General  Therapeutics,"  vol.  vi., 
"  Electrotherapeutics,"  translated  by  Dc  Watteville. 
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the  contractions  so  produced  have  been  tabulated  as 
follows  : — 

a.  Kathodal  closing  contraction  (KCC)  =  4. 
h.  Anodal        „  „         (ACC)  =  2. 

c.  Anodal  opening  contraction  (AOC)  =  2. 

d.  Kathodal     „  „         (KOC)  =  i. 

145.  Unipolar  excitation — By  this  means  an  ex- 
planation is  given  of  the  law  of  contraction  as  observed 
in  the  living  subject,  for  it  is  evident  that  in  the  common 
case  of  the  anode  placed  on  some  indifferent  part,  such 
as  the  sternum,  and  the  kathode  upon  the  muscle  to  be 
tested,  which  we  will  suppose  to  be  the  gastrocnemius, 
one  would  expect  (supposing  it  to  be  true  that  the 
stimulus  of  closure  is  purely  kathodal  and  the  stimulus 
of  opening  is  purely  at  anode),  that  the  act  of  closing 
the  circuit  would  give  a  contraction  KCC  in  the  gas- 
trocnemius, but  that  the  opening  would  only  give  a  con- 
traction in  the  muscles  near  the  sternum.    Then  there 
would  be  no  KOC  in  the  gastrocnemius,  and  again  in 
the  same  way  with  kathode  at  sternum  and  anode  on 
gastrocnemius,  there  would  be  no  ACC  in  the  muscle, 
but  only  an  AOC.    Observation  shows  that  with  the 
unipolar  method  one  can  nevertheless  obtain  all  four 
eflfects,  KCC,  ACC,  AOC,  KOC,  in  a  muscle  ;  and  the 
explanation  offered   is   that   round   the   pole  (actual 
pole)  there  are  areas  of  opposite  sign  (the  virtual  pole). 
Where  the  threads  of  current  in  their  passage  through 
the  Hmb  enter  into  the  nerve  from  the  anode  there  is  an 
anodal  area,  and  where  they  emerge  from  the  nerve  or 
muscle  there  is  a  kathodal  area.     Erb  has  carefully 
cleared  up  this  point  by  the  diagram  and  following 
statement  (fig.  69). 

"A  glance  at. the  figure  will  show  that  an  isolated  pole 
placed  upon  a  nerve  must  have  not  alone  one,  but  even 
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two  virtual  opposite  poles  in  its  neighbourhood ;  if  the 
current  enters  through  the  anode  in  a  certain  density 
the  threads  of  current  will  flow  along  both  directions  of 
the  nerve  with  diminishing  density,  the  kathode  may  be 
regarded  as  virtually  present  at  the  point  at  which  the 
density  has  become  so  slight  that  the  current  is  ineffec- 
tive. Every  anode  is  therefore  surrounded  by  two 
kathodes  of  much  less  density;  and  the  reverse  also 
occurs  round  the  kathode ;  under  all  circumstances,  in 


tiG.  eg.-Lines  of  current  diffusion  round  an  electrode. 

the  unipolar  methods  of  apphcation,  in  addition  to  the 
action  of  the  pole  apphed  directly  we  must  therefore 
expect  to  find  the  action  of  the  opposite  pole  though 

very  much  enfeebled." 

1.6    Reactions   of  muscle.-a.  Shelctal  mnscle.- 
In  a  normal  muscle  the  effect  of  direct  stimulation  o 
its  fibres  is  concealed  by  the  effect  produced  upon  it 
through  its  nerves,  for  the  intramuscular  branches  of  its 
nerve  both  receive  the  impression  better,  and  transmit 
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it  to  all  parts  of  the  muscle  more  rapidly  than  the 
muscle  fibres  could  do  it  by  themselves  if  no  nerves 
were  present.  Still  muscle  per  se  is  irritable  and  capable 
of  responding  to  stimuli  by  a  contraction  ;  but  for  this  it 
is  necessary  that  the  stimulus  should  have  a  certain 
minimum  duration,  rather  longer  than  the  minimum  for 
a  nerve  trunk,  accordingly  it  often  happens  that  a  muscle 
whose  nerves  have  undergone  injury  may  not  respond 
to  the  rapid  stimuli  of  induction  currents,  while  they 
will  still  respond  to  the  constant  current  slowly  in- 
terrupted. 

We  have  already  alluded  to  the  occasional  production 
of  tetanus  by  the  constant  current,  this  is  usually  no- 
ticed as  a  phenomenon  continuing  on  the  KCC  when 
strong  currents  are  employed,  and  it  is  observed  both 
when  the  stimulus  is  applied  to  the  nerve  and  when  it 
is  applied  to  the  muscles  ;  it  is  sometimes  expressed  by 
the  symbol  KCT  (kathodal  closure  tetanus),  or  by  KDC 
(kathodal  duration  contraction). 

b.  Unstriped  muscle. — The  behaviour  of  unstriped 
muscle  resembles  that  of  striated  muscle,  except  in  so 
far  as  the  latent  period  of  unstriped  muscle  is  longer, 
and  the  rate  of  passage  of  the  contraction  from  the 
neighbourhood  of  the  point  stimulated  is  slower,  in  con- 
sequence of  this  it  is  quite  easy  to  see  that  the  stimulus 
starts  from  the  kathode  at  closure,  and  from  the  anode 
at  opening.  When  an  organ  containing  unstriped  mus- 
cle is  stimulated  by  a  succession  of  faradic  shocks,  it 
slowly  and  gradually  passes  into  a  state  of  tonic  con- 
traction which  persists  for  some  time  after  the  stimula- 
tion has  ceased  ;  faradism  has  been  applied  to  certain  of 
the  abdominal  viscera  for  the  purpose  of  setting  up  con- 
tractions in  their  unstriped  muscle  and  improving  the 
tone  of  the  organs. 
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c.  Heart  muscle.— The  effect  of  electrical  stimulation 
on  heart  muscle  is  peculiar  just  in  so  far  as  the  habits  of 
heart  muscle  are  so ;  thus  heart  muscle  has  a  general 
correspondence  to  unstriped  muscle  but  it  has  a  more 
highly  developed  tendency  to  rhythmic  contraction  than 
that  which  can  be  seen  in  unstriped  muscle  and  a 
greater  degree  of  activity,  shown  by  its  quicker  move- 
ment and  its  shorter  latent  period ;  it  has  also  the  pecu- 
liarity that  a  minimal  stimulus  is  as  effective  as  a  maxi- 
mal, consequently  gentle  electrical  stimulation  tends 
chiefly  to  alter  the  rate  of  the  rhythm  of  the  heart  and 
by  a  suitable  series  of  shocks  in  regular  sequence  the 
heart  can  be  caused  to  take  up  the  rate  of  the  series  of 
shocks,  and  so  can  be  quickened  or  slowed  (the  latter 

being  more  difficult) .  .   ,     r  i, 

What  is  known  as  the  refractory  period  of  heart 
muscle  depends  upon  the  tenacity  with  which  it  main- 
tains a  rhythm  which  it  has  once  acquired,  and  the 
same  rhythmic  tendency  makes  it  almost  impossible  to 
produce  a  state  of  true  tetanic  contraction  m  it.     It  is 
more  easy  to  influence  the  heart  by  the  continuous  cur- 
rent with  regular  interruptions  or  reversals  than  by 
the  induction  apparatus.  „„^„a 
147  Electricity  in  cases  of  suspended  anima- 
tion.-Great  uncertainty  exists  as  to  the  mode  of  usmg 
electricity  in  cases  of  apparent  death  by  drowning,  from 
the  administration  of  chloroform,  or  from  poisomng  by 
carbonic  acid  gas.    Electricity  in  these  cases  is  no  of 
much  use  for  the  purpose  of  influencing  the  heart,  but  is 
valuable  for  assistmg  the  process  of  artificial  respiration 
The  region  of  the  heart  should  be  avoided  as  much  as 
possibll    Anything  which  upsets  the^hythmical  con- 
traction of  the  heart  is  likely  to  arrest  its  -t-n  alto 
gether.    It  has  been  found  by  experiment  upon  the 
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heart  of  dogs,  that  if  the  application  of  the  faradic  cur- 
rent can  be  timed  so  as  to  be  synchronous  with  the 
normal  contractions  of  the  organ,  a  contraction  of  in- 
creased strength  is  induced,  but  if  not  so  timed  the 
ordinary  rhythmical  action  is  interfered  with,  violent 
tremors  of  the  cardiac  walls  occur  for  three  or  four 
minutes  (as  if  the  heart  were  endeavouring  to  recover 
its  lost  rhythm)  then  weaker  tremblings  follow  and 
ultimately  all  movement  ceases.  In  cases  of  apparent 
death,  if  the  heart  is  still  beating  at  all,  its  action  is 
very  feeble  and  therefore  more  likely  to  suffer  from  an 
injudicious  application  of  electricity.  In  these  cases, 
therefore,  it  is  recommended  that  electricity  be  used 
rather  as  a  help  in  restoring  respiration  and  for  this 
purpose  it  is  best  that  the  operator  should  stand  on  the 
right  side  of  the  patient  and  as  the  arms  are  raised  each 
time  in  the  performance  of  Sylvester's  method  of  inducing 
artificial  respiration,  one  pole  of  a  faradic  apparatus 
should  be  applied  to  the  motor  point  of  the  phrenic 
nerve  on  the  right  side  of  the  neck  (or  a  divided  elec- 
trode can  be  used,  and  applied  to  both  sides)  on  the 
outer  edge  of  the  lower  part  of  the  sterno-mastoid,  and 
the  other  pole  to  the  right  sixth  intercostal  space  at  a 
level  with  the  ensiform  cartilage,  or  to  the  lower  part  of 
the  sternum ;  the  current  should  run  for  two  seconds, 
and  be  suspended  for  two  seconds  alternately.  Con- 
tractions of  the  diaphragm  will  thus  be  induced  at  the 
same  time  that  the  thoracic  cavity  is  enlarged  by  the 
raising  of  the  arms  and  a  larger  amount  of  air  will  enter 
the  chest.  The  application  of  electricity  in  these  cases 
of  apparent  death  should  always  be  secondary  to  the 
endeavours  to  produce  artificial  respiration  by  other 
means.  Time  is  of  the  greatest  importance  and  the 
patient  should  not  be  left  while  an  electric  battery  is 
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being  sought  for  or  set  to  work,  these  duties  should 
alwaykbe  left  to  a  third  or  fourth  person  whose  assis- 
S,7tance  is  not  actually  necessary  for  carrying  out  the 
ordinary^  movements  for  inducing  artificial  respiration. 
If  electricity  is  employed  it  should  be  the  faradic  or  in- 
terrupted current,  and  the  most  useful  because  the 
most  ready  apparatus  is  the  old-fashioned  magneto- 
machine,  which  is  set  in  action  by  turning  a  handle. 

148.  Sensory  nerves. — Just  as  the  electrical  stimu- 
lation of  motor  nerves  causes  muscular  contractions,  so 
the  stimulation  of  sensory  nerves  produces  sensations. 
Accordingly,  when  an  ordinary  mixed  nerve  trunk  is 
stimulated,  its  motor  fibres  make  the  muscles  supplied 
by  it  contract,  and  its  sensory  fibres  convey  to  the  brain 
of  the  patient  experimented  upon  a  peculiar  sensation  or 
slioch,  strong  or  weak,  in  proportion  as  the  current  is 
strong  or  weak.    The  peculiarity  of  the  sensation  also 
produces  a  mental  effect,  so  that  different  patients  ap- 
pear to  vary  in  their  susceptibility  to  these  sensations, 
thus  it  is  said  that  if  a  current  be  transmitted  from 
hand  to  hand  through  a  line  of  people,  some  will  say 
they  felt  the  shock  severely,  and  some  only  slightly.  In 
the  case  of  Muschenhroeli,  the  inventor  of  the  Leyden  jar, 
the  novelty  and  peculiarity  of  the  shock  that  he  re- 
ceived at  his  first  trial  of  it  produced  such  an  effect 
upon  him  as  to  take  away  his  breath  and  make  him  ill 
for  two  days. 

The  sensation  produced  when  the  sensory  nerves  are 
stimulated  is  called  a  shock,  and  according  to  the  mode 
of  apphcation,  they  may  be  known  as  galvanic,  faradic, 
or  induction  shocks,  and  shocks  from  a  statical  machine 
or  Leyden  jar. 

a.  Galvanic  sensations  .—In  the  case  of  the  constant  gal- 
xranic  current,  there  is  a  sensation  not  only  at  closure 
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and  opening,  but  also  during  its  steady  passage,  if  the 
current  be  fairly  strong,  but  not  if  it  be  weak. 

The  sensations  are  more  perceptible  at  the  kathode 
than  at  the  anode,  but  a  good  deal  depends  upon  the 
relative  sizes  of  the  electrodes  ;  if  one  be  much  smaller 
than  the  other,  then  the  greater  density  of  current  at 
the  smaller  one  increases  the  cutaneous  sensations  there. 
If  the  electrodes  be  held  still  in  one  place,  other 
sensations  of  a  burning  character  are  felt  and  are  accom- 
panied by  reddening,  urticaria,  or  bhstering  of  the  sur- 
face, these  changes  and  the  burning  pain  are  usually 
ascribed  to  the  formation  of  products  of  electrolysis. 
In  the  removal  of  hairs  by  electrolysis,  the  fine  needle- 
like electrode  introduced  into  the  hair  follicle,  feels  much 
as  though  it  were  very  hot.  The  nature  of  the  surface 
of  the  electrode  also  modifies  the  sensation  ;  and  the 
current  is  less  painful  when  the  electrodes  are  firmly 
pressed  upon  the  surface,  because  the  contact  is  then 
better  and  the  current  is  distributed  over  more  points 
of  entrance. 

b.  Faradic  sensations. — The  faradic  apparatus  gives  a 
series  of  shocks  corresponding  to  the  rapidity  of  the 
vibrating  contact  breaker,  and  if  they  be  applied  t.o  the 
dry  skin  the  sensation  is  more  sharp  and  pricking  than 
when  the  skin  is  well  moistened.  On  this  account  it  is 
usual,  when  the  sensory  effect  is  especially  desired,  to 
employ  a  dry  brush  of  many  fine  metallic  wires  for  the 
electrode. 

The  faradic  shocks  are  also  more  painful  if  the  elec- 
trodes are  applied  to  surfaces  far  apart  from  one 
another,  because  of  the  much  greater  length  of  sensory 
nerves  which  are  influenced  in  that  case  ;  when  con- 
venient it  is  better  to  limit  the  application  to  the  affected 
parts,  and  so  to  spare  needless  discomfort  to  the  patient. 


2l6 


MEDICAL  ELECTRICITY. 


149.  Nerves  of  special  sense.— The  nerves  of  spe- 
cial sense  respond  to  electrical  stimulation  by  their  own 
special  sensations,  thus  stimulation  of  the  olfactory 
nerve  produces  a  smell  "like  phosphorus,"  and  stimu- 
lation of  the  optic  nerve  produces  the  impression  of  a 
flash  of  light.  The  optic  nerve  seems  to  be  remarkably 
sensitive  to  small  electrical  currents,  and  the  sensation 
of  a  flash  of  light  is  very  easily  produced  by  the  small 
current  obtained  from  a  silver  coin  and  piece  of  zinc  put 
into  the  mouth,  between  the  gums  and  cheek.  When 
the  metals  are  made  to  touch,  the  optical  eff'ect  is  dis- 
tinct. Some  observers  have  even  thought  that  the 
colour  of  the  flash  seemed  to  depend  upon  the  direction 
of  the  current,  and  that  the  kathodal  closure  gave  a 
reddish  colour  and  anodal  closure  a  bluish  one.  These 
effects  can  be  fully  studied  by  a  battery  of  four  or  five 
elements,  with  one  pole  at  the  nape  of  the  neck  and  the 
other  over  the  temple  or  eyelids.  Experimenters  must, 
however,  remember  the  accident  which  befell  Duchenne, 
who  applied  a  current  of  unknown  strength  to  a  pa- 
tient's face,  and  apparently  caused  very  serious  damage 
to  the  sight  of  one  of  his  patient's  eyes. 

The  auditory  nerve. — This  nerve  also  can  be  made  to 
respond  to  galvanic  stimulation.  It  is  not  so  very  easy 
in  healthy  individuals  to  produce  the  electrical  reactions 
of  the  auditory  nerve,  for  fairly  strong  currents  are  re- 
quired, and  some  of  the  effects  upon  the  eyes  and  brain 
make  the  experiment  unpleasant ;  but  the  investigation 
is  important,  because  one  is  frequently  called  upon  to 
treat  tinnitus  aurium  by  the  galvanic  current,  and  the 
prognosis  in  any  particular  case  turns  largely  upon  the 
way  in  which  the  auditory  nerve  reacts.  There  is  a 
close  likeness  between  the  formula  of  the  auditory  nerve 
and  that  of  the  other  nerves.   The  kathodal  closure  pro- 
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duces  a  sensation  of  sound,  which  continues  during  the 
passage  of  the  current,  but  the  anodal  closure  does  not  ; 
on  the  other  hand  the  anodal  opening  produces  a  sound 
and  kathodal  opening  does  not.   The  formula  then  is  : — 

KC  sound. 

KD  sound. 

KO  — 

AC  — 
AD  — 

AO  weak  sound. 
These  auditory  phenomena  will  be  again  referred  to  in 
Chapter  VIII. 

Galvanic  stimulation  of  the  nerves  of  taste  is  easily 
produced,  and  the  simple  experiment  just  mentioned 
for  producing  the  optical  sensation  of  a  flash  of  light 
will  at  the  same  time  produce  a  metallic  taste,  and  by 
passing  a  current  from  one  pole  at  the  back  of  the  neck 
to  the  other  below  the  chin  over  the  hyoid  bone,  the 
same  metallic  taste  is  produced. 

150.  Other  organs.— Besides  the  physiological  action 
of  electricity  upon  muscle  and  nerve,  it  has  an  action  on 
secreting  glands,  upon  certain  viscera,  and  upon  the 
brain.  It  is  quite  in  accordance  with  what  one  would 
naturally  expect  that  a  current  passing  through  a  secret- 
ing gland  or  through  its  secretory  nerves  should  cause 
increased  secretion  ;  and  that  a  current  passing  through 
a  viscus  containing  unstriped  muscle  should  cause  peri- 
staltic contractions  of  that  viscus  :  and  there  is  no  need 
for  us  to  enter  into  detail  at  present  by  describing  the 
particular  behaviour  of  the  uterus,  of  the  bladder,  of  the 
intestine,  or  of  the  spleen,  for  these  points  will  be  better 
treated  of  later. 

In  the  case  of  the  brain  experimental  physiologists 
have  made  much  use  of  electrical  stimuli  for  determin- 
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ing  the  situation  of  motor  centres  in  the  exposed  cere- 
bral cortex.  When  a  continuous  current  is  passed 
transversely  through  the  skull,  with  the  electrodes  on 
the  temples  or  mastoid  processes,  there  is  a  disturbance 
of  equilibrium,  a  feeling  of  giddiness,  or  an  actual  un- 
steadiness, with  a  tendency  to  fall  towards  the  side  of 
the  anode,  and  conjugate  deviation  of  the  eyes  to  the 
side  of  the  kathode,  with  a  kind  of  oscillation  or  lateral 
nystagmus. 

It  has  been  supposed  that  the  disturbance  of  equili- 
brium depends  upon  a  state  of  kathelectrotonus  of  one 
hemisphere  with  anelectrotonus  of  the  other ;  the  former 
hemisphere  being  in  a  state  of  exalted  excitability  and 
the  latter  in  a  state  of  diminished  excitability,  their 
action  is  no  longer  balanced,  and  a  sensation  of  giddi- 
ness is  the  result. 

The  brain  is  not  easily  influenced  by  faradic  currents 
applied  to  the  outside  of  the  skull,  though  responding 
readily  when  the  electrodes  are  applied  directly  to  its 
substance. 

151.  The  "refreshing  action"  of  the  galvanic 

current. — Dr.  G.  V.  Poore-''  has  reported  some  remark- 
able experiments  upon  what  has  been  called  by  Hei- 
denhcin  "  the  refreshing  action  "  of  the  constant  current ; 
he  investigated  the  fatigue  of  muscles  produced  when 
a  weight  is  held  out  steadily  at  arm's  length,  and 
gives  the  instance  of  a  patient  who  was  able  to  hold 
out  his  arm  horizontally  with  a  weight  of  seventeen 
ounces  in  the  palm  for  a  period  of  four  minutes  and 
then  complained  of  great  pain  in  the  muscles  and 
fatigue,  and  declared  his  inability  to  go  on  but  was 
relieved  of  his  pain  at  once  by  the  passage  of  a  con- 
*  "  Electricity  in  Medicine  and  Surgery,"  Dr.  G.  V.  Poore, 
London,  1876. 
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stant  current  in  a  descending  direction  along  the  arm. 
Another  person  was  then  experimented  on  in  the  same 
way  ;  after  holding  out  the  weight  at  arm's  length  for 
seventy  seconds,  he  felt  pain  and  fatigue,  but  the  appli- 
cation of  the  current  at  once  removed  both,  and  he  con- 
tinued to  support  the  weight  for  five  minutes  and  a 
quarter,  and  at  the  end  of  that  time  was  willing  to  go 
on  longer.  Dr.  Poore  says :  "  similar  experiments  to 
these  have  been  tried  on  several  of  the  author's  friends 
and  they  all  tend  to  show  that  the  endurance  of  volun- 
tary muscular  action  is  enormously  increased  by  the 
passage  of  a  constant  current,  and  the  feeling  of  fatigue 
both  during  and  after  the  prolonged  effort  is  mitigated 
or  entirely  obviated." 

Dr.  P00Y&  also  demonstrated  that  the  force  as  well  as 
the  endurance  of  a  muscular  effort  could  be  increased 
by  a  galvanic  current.  Eight  successive  squeezes  with 
a  dynamometer  at  intervals  of  ten  seconds  gave  an 
average  of  48J  pounds  for  each  squeeze,  but  eight  more 
squeezes  with  the  aid  of  the  current  gave  an  average  of 
59^  pounds,  although  they  came  ten  minutes  after  the 
first  series,  and  while  there  was  distinct  consciousness 
of  fatigue  from  the  first  experiment. 

The  current  used  was  never  strong  enough  to  produce 
involuntary  contraction  of  the  muscles. 

152.  Trophic  effects. — Experiments  were  made  by 
Dr.  Beardr  to  determine  the  effect  of  general  faradiza- 
tion upon  the  growth  of  some  puppies,  they  were  kept 
under  treatment  for  four  weeks,  being  faradized  daily ; 
at  the  end  of  the  time  the  two  puppies  which  had  been 
so  treated  had  gained  in  weight  faster  and  were  per- 
ceptibly bigger  than  the  two  others,  which  had  been 
kept   untreated   as   control  animals ;   however,  other 

*  Beard  and  Rockwell,  "  Medical  and  Surgical  Uses  of  Electricity." 
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experiments  gave  conflicting  results.  It  is  reasonable 
to  expect  that  the  metabolism  of  muscle  should  be  in- 
creased by  the  vigorous  stimulation  of  faradism,  and 
that  a  young  animal  should  increase  in  size  in  conse- 
quence of  the  increased  metabolism,  just  in  the  same 
way  as  massage  of  the  muscles  increases  their  size  and 
activity. 

153.  Electrical  osmosis. — The  fact  has  been  long 
known  that  a  movement  of  electrolytic  fluids  com- 
parable to  osmosis  takes  place  in  the  direction  of  flow 
of  the  current,  namely,  from  the  positive  to  the  negative 
pole  ;  and  fluid  can  in  this  way  be  made  to  pass  through 
membranes  or  porous  diaphragms  against  the  force  of 
gravity ;  and  it  has  been  proposed  to  make  use  of  this 
process  for  the  introduction  of  drugs  into  the  body 
through  the  skin.  It  is  evident,  however,  that  it  is 
rather  an  elaborate  method  of  administering  a  drug, 
and  only  in  certain  cases  would  it  have  any  advantage 
over  the  methods  of  giving  drugs  by  the  mouth  or 
hypodermically ;  besides,  it  would  be  difficult  to  know 
when  the  proper  quantity  had  passed  into  the  system. 
It  was  also  hoped  that  in  this  way  it  would  be  possible 
to  apply  drugs  locally,  as  for  instance  iodide  of  potas- 
sium to  a  gumma,  but  this  cannot  be  satisfactorily 
eff"ected  because  the  drug  is  carried  off  by  the  circula- 
tion quite  as  fast  as  it  enters  through  the  skin.  Still, 
there  is  one  particular  object  which  can  be  well  and 
conveniently  secured  in  this  way,  namely,  the  introduc- 
tion of  cocaine  to  produce  local  ansesthesia  of  a  portion 
of  the  skin,  this  can  be  done  very  simply  by  covering 
the  positive  electrode  with  a  thick  pad  of  absorbent 
cotton  well  moistened  with  the  cocaine  solution,  and 
holding  it  steadily  to  the  part,  which  should  be  first  well 
sponged  with  hot  water  ;  with  five  milliamperes  of  cur- 
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rent  the  skin  should  become  anaesthetic  in  about  six  or 
seven  minutes. 

Hollow  cup-shaped  electrodes  covered  in  by  mem- 
brane have  been  contrived  to  hold  solutions  for  this 
local  medication,  and  the  terms  cataphoresis  and  cataphoric 
medication  have  been  applied  to  the  process.  Erh  has 
suggested  that  it  might  prove  useful  for  the  introduction 
of  drugs  into  diseased  joints  ;  using  a  pair  of  cupped 
electrodes,  one  on  either  side,  and  reversing  the  direc- 
tion of  the  current  at  intervals  of  five  minutes. 

154.  Thermal  effects. — With  the  small  currents 
used  in  medicine  there  is  no  appreciable  heating  of  the 
tissues.  In  cases  where  death  has  been  caused  by  the 
passage  through  the  body  of  the  powerful  currents  used 
for  electric  lighting,  well  marked  signs  of  the  production 
of  heat  have  been  observed  post-mortem. 

155.  Electrical  organs. — The  electrical  organs  of 
many  fishes  (Electric  Eel,  Torpedo)  may  be  briefly  noticed 
in  this  chapter.  They  consist  of  lobes  of  a  honeycomb-like 
structure,  usually  developing  in  a  similar  way  to  muscle, 
and  supplied  freely  with  nerves  which  terminate  in  the 
cells  of  the  honeycomb  in  expansions  something  like 
those  of  muscle  end-plates ;  irritation  of  their  nerves 
causes  an  electrical  discharge.  It  appears  that  they 
may  have  become  specialised  and  developed  from 
ordinary  voluntary  muscle,  for  the  sake  of  utilising 
the  electrical  current  of  action,  and  that  the  structural 
changes  are  associated  with  the  development  of  this 
portion  of  the  muscular  mechanism  at  the  expense  of  its 
strictly  motor  powers.  The  chemical  examination  of 
the  electrical  organs  seem  to  show  that  the  products  of 
their  activity  are  very  similar  to  those  of  active  muscle, 
CO2  and  an  acid  reaction  being  produced. 

Du  Bois  Reymond  showed  long  since  that  muscular 
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contraction  always  yields  a  current  which  can  be 
measured  by  a  galvanometer,  and  Waller  has  lately 
shown  a  method  of  demonstrating  in  the  human  subject 
that  there  is  an  electrical  current  produced  by  the 
heart's  beat,  and  that  it  can  be  led  off  to  a  galvano- 
meter by  wires  from  the  two  hands.  It  may  be  that 
the  peculiar  powers  of  electric  fishes  have  grown  up 
from  the  electrical  current  of  action  common  to  all 
contracting  muscle,  but  it  is  difficult  to  trace  the  inter- 
mediate steps  in  the  scale  of  development.  The  skate 
has  an  electrical  organ  in  its  tail  which  is  not  able  to 
give  shocks,  although  it  can  strongly  affect  a  galvano- 
meter. 
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CHAPTER  VIII. 
Diagnosis. 

'Method  of  procedure.-  Comparison  of  diseased  and  sound  sides. 
Use  of  the  galvanometer.  The  motor  points.  Relation  of 
spinal  nerve  roots  to  muscles.  Importance  of  experiments. 
Bilateral  affections.  Prof.  Erb's  method.  Electro-diagnosis 
charts.  Morbid  changes  in  the  electrical  reactions.  Quantita- 
tive changes.  The  reaction  of  degeneration.  Course  of  the 
reaction  of  degeneration.  Partial  reaction  of  degeneration. 
Conditions  leading  to  reaction  of  degeneration.  Prognosis  in 
reaction  of  degeneration.  Anomalous  reactions.  Sensory 
nerves.    Nerves  of  special  sense.    The  auditory  nerve. 

156.  Method  of  procedure — ^When  a  patient  with 
any  disorder  of  the  nervous  system  presents  himself  for 
electrical  treatment,  it  is  nearly  always  necessary  to 
begin  with  an  investigation  of  the  electrical  reactions 
of  his  nerves  and  muscles,  for  much  may  often  be 
learned  from  this  procedure  of  electro-diagnosis,  as  it  is 
sometimes  termed. 

It  will  be  found  that  a  considerable  amount  of  care 
and  of  time  must  be  devoted  to  this  preliminary  investi- 
gation ;  it  is  not  nearly  so  easy  to  arrive  at  clear  results 
as  one  might  be  led  to  expect  from  the  perusal  of  a 
chapter  on  electro-diagnosis.  The  motor  nerves  and 
the  skeletal  muscles  should  be  investigated  first,  and 
both  the  faradic  and  the  continuous  currents  must  be 
employed.  To  simplify  matters  the  unipolar  method  of 
excitation  must  be  adopted,  the  other  pole  (indifferent 
electrode)  being  placed  over  a  distant  part  of  the  body. 
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as  upon  the  sternum,  or  the  sacrum  or  the  upper  part  of 
the  back  according  to  convenience  or  the  requirements 
of  the  particular  case.  Erh  recommends  the  sternum  as 
the  best  position  for  the  indifferent  electrode,  because  it 
is  both  symmetrical  in  position,  and  is  also  further 
removed  from  the  spinal  nerve  trunks  than  any  part  of 
the  surface  of  the  back.  The  indifferent  electrode 
(fig-  55)  should  be  large,  about  three  or  four  inches 
square,  in  order  to  overcome  the  skin  resistance,  it 
should  be  well  moistened  with  water  or  saline  solution 
(but  not  so  wet  as  to  yield  drops  of  water  when  moder- 
ately pressed)  and  should  be  in  thoroughly  good  contact 
with  the  surface  of  the  skin  in  order  .to  provide  as  many 
points  of  entry  for  the  current  as  possible.  The  other 
or  exciting  electrode  must  be  small  for'  the  sake  of 
localising  the  current  to  the  particular  spot  required, 
but  not  so  small  as  to  offer  too  high  a  resistance  ;  for 
faradism,  a  suitable  size  is  one  of  about  |-  inch  (20  mm.) 
in  diameter,  for  galvanism  about  inch  (40  mm.)  and 
it  must  be  applied  with  uniform  pressure.  It  is  some- 
times useful  to  fasten  the  indifferent  electrode  over  the 
trunk  of  the  nerve  supplying  the  muscles  to  be  tested, 
in  that  way  the  effect  of  the  stimulation  can  be  more 
easily  limited  to  the  muscles  under  examination.  A 
convenient  form  of  indifferent  electrode  in  such  a  case 
is  one  fastened  to  a  strap  or  garter  of  webbing  or  flannel 
with  a  buckle  to  fix  it  firmly  in  place.  In  examining 
the  condition  of  the  ulnar  nerve,  for  example,  in  a  case 
of  injury  to  that  nerve  in  the  forearm,  one  should  fasten 
the  indifferent  electrode  over  the  trunk  of  the  nerve  on 
the  inner  side  of  the  upper  arm,  the  exciting  electrode 
may  then  be  applied  to  the  interossei  or  other  muscles 
of  the  hand  which  it  is  wished  to  test.  If  the  conditioi; 
of  the  median  nerve  is  in  question  one  electrode  may 
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be  applied  between  the  tendons  of  the  pahiiaris  longus 
and  the  flexor  carpi  radiaHs,  and  the  other  as  before  to 
the  muscles  of  the  hand  and  fingers. 

157.  Comparison  of  diseased  and  sound  sides. 

— The  case  to  be  examined  may  be  one  in  which  the 
mischief  (paralysis,  anaesthesia  or  what  not)  is  limited 
to  one  part  or  one  side  of  the  body,  or  it  may  affect  both 
sides.  The  first  case  is  the  easier  because  of  the  ad- 
vantage of  having  a  sound  side  for  purposes  of  com- 
parison. If  both  sides  are  involved  in  the  disease  it 
becomes  more  difficult  to  recognize  changes  in  the 
electrical  reactions,  and  one  has  to  fall  back  for  guid- 
ance upon  previous  experience,  or  help  may  be  found  in 
a  comparison  of  one's  own  corresponding  muscles  with 
those  of  the  patient. 

158.  Use  of  the  galvanometer.— First  the  case  of 
a  patient  with  an  affection  limited  to  one  side  may  be 
considered.  It  has  been  shown  by  Erb  that  it  is  usual 
for  the  two  sides  of  a  patient's  body  to  be  remarkably 
equal  in  their  response  to  stimulation,  provided  always 
that  the  skin  resistance  of  the  two  sides  is  the  same  or 
nearly  so.  This  skin  resistance  can  be  measured  by  the 
galvanometer  and  allowed  for.  For  the  most  part  one 
does  not  expect  to  find  much  difference  in  the  skin 
resistance  of  the  two  sides,  but  accidently  there  may  be 
a  difference,  and  the  electromotive  force  of  the  testing 
current  must,  if  necessary,  be  altered  to  suit  it,  by  in- 
creasing or  decreasing  the  number  of  cells  in  the  circuit. 
For  instance,  if  the  galvanometer  reads  5  milliamperes 
for  the  minimal  contraction  when  the  electrode  is 
applied  to  the  right  ulnar  nerve,  stimulation  of  the  left 
ulnar  nerve  should  also  yield  a  minimal  contraction 
when  the  galvanometer  reads  5  milliamperes,  and  this 
whether  the  number  of  cells  of  the  battery  required  to 
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produce  the  deflection  be  the  same  on  both  sides  or  not, 
for  the  amount  of  current  entering  the  nerve  is  measured 
by  the  galvanometer  deflection  and  not  by  the  number 
of  cells.  But  the  galvanometer  cannot  be  used  with  the 
faradic  current,  and  as  it  is  usual  to  commence  with  that 
form  of  stimulus  we  are  compelled  to  approach  the 
difficulty  indirectly,  by  estimating  the  strength  of  the 
faradic  apparatus  with  a  sledge  coil  (§  119)  and  readmg 
off"  the  distance  from  secondary  to  primary  in  milli- 
metres, and  by  afterwards  checking  the  results  obtained 
in  that  way  by  the  readings  of  the  galvanometer  at  the 
time  when  the  constant  current  is  being  used,  proceed- 
ing in  this  way  the  result  can  be  expressed  in  the  form 
of  a  table  thus  : — 

HEALTHY  MAN  (Labourer).* 


Distances  between  coils 
in  millimetres 

Deflection  of  galvanometer. 

Right. 

Left. 

Right 

Left. 

Frontal  nerve  . 

165 

166 

18 

19 

Spinal  Accessory 
nerve    .    .  • 

172 

177 

16 

15 

Ulnar  .... 

158 

6 

6 

Peroneal  .    .  • 

160 

163 

7 

9 

jHLere,  laKiug  li^c  ^^..^^^^  .  .     :       ^  .■ 

test  showed  that  the  left  one  gave  a  minimal  contraction 

#  This  table  of  Prof.  Erb  gives  galvanometer  deflections  in  degrees, 
not  in  miUiamperes,  and  the  reader  must  therefore  be  content  to 
notice  that  the  numbers  are  comparable  for  the  two  stdes,  although 
"eir  vies  are  not  so  directly  proportional  to  one  another  as  .f  they 
had  been  expressed  in  milliamperes. 
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with  the  coil  at  177  milHmetres  and  the  right  at  172 
millimetres,  that  is  to  say  the  left  was  more  susceptible, 
the  difference  being  measured  by  the  5  millimetres  in- 
creased distance  between  the  coils ;  this  might  have 
been  due  to  a  different  degree  of  skin  resistance  or  to  a 
different  degree  of  irritability  of  the  nerve.  If  it  had 
signified  a  different  skin  resistance  only,  then  the  mini- 
mal contractions  to  galvanism  should  have  occurred  on 
both  sides  with  the  same  galvanometer  reading,  that  is  to 
say  with  the  same  amount  of  current  in  circuit,  but  the 
table  shows  that  the  left  nerve  responded  with  a  current 
of  15°  while  the  right  needed  a  current  of  16° ;  from  that 
we  are  able  to  say  certainly  that  the  left  nerve  was 
slightly  the  more  irritable  of  the  two,  and  that  the  dif- 
ference between  the  172  mm.  and  the  177  mm.  was  a 
result  of  the  greater  irritability  of  left  over  right,  and 
was  not  due  to  increased  skin  resistance  on  the  right 
side.  This  example,  if  thoroughly  understood,  makes 
clear  the  mode  of  comparing  the  two  sides. 

To  measure  the  strength  of  the  secondary  current  by 
the  number  of  millimetres  between  the  primary  and 
secondary  coil,  has,  after  all,  but  Httle  meaning,  and 
does  not  enable  us  to  compare  together  the  results  ob- 
tained with  diiferent  coils,  it  is  a  rough  means  of  com- 
paring different  patients  with  the  same  coil,  and  that 
only  when  the  battery  which  works  the  coil  is  acting 
with  uniform  strength,  and  when  the  contact  vibrator  is 
working  with  the  same  rapidity  and  force,  and  the  same 
objection  applies  to  galvanometers  which  are  graduated 
in  degrees,  5  degrees  deflection  of  one  galvanometer 
may  mean  something  totally  different  to  5  degrees  de- 
flection in  another  one.  The  graduation  of  galvano- 
meters in  milliamperes  enables  us  to  compare  the  read- 
ings of  one  with  those  of  another,  but  we  are  not  yet  in 
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possession  of  a  simple  method  of  correctly  measuring 
induction  currents. 

159.  The  motor  points. — To  continue  the  examin- 
ation of  the  patient ;  the  tests  must  be  applied  to  the 
motor  nerves,  the  muscles,  and  the  cutaneous  sensory 
nerves  in  the  parts  affected,  and  they  must  be  compared 
with  the  same  parts  of  the  opposite  and  healthy  side. 

To  do  this  it  is  absolutely  essential  to  know  tho- 
roughly the  points  where  the  nerve  trunks  are  most 
accessible,  the  motor  points  of  the  muscles,  and  the 
distribution  of  the  cutaneous  nerves. 

This  requires  a  certain  amount  of  anatomical  know- 
ledge and  many  diagrams  have  been  prepared  as  a 
guide  and  help  to  the  memory,  most  of  them  are  based 
upon  Von  Ziemssen's  plates.    In  the  preparation  of  these 
plates  the  stimulation  of  the  nerve  trunks,  and  of  the 
motor  points  of  the  muscles  was  carried  out  as  follows:— 
The  indifferent  electrode  being  placed  upon  the  sternum, 
a  fine  pointed  exciting  electrode  of  metal  covered  with 
wash  leather  was  applied  successively  to  different  parts 
of  the  muscle  under  examination,  until  a  position  was 
found  (the  motor  point)  where  a  maximum  effect  was 
produced,  this  was  marked  with  coloured  chalk  or  with 
nitrate  of  silver  ;  all  the  muscles  were  in  turn  exammed 
and  their  motor  points  marked,  the  limb  with  the  marks 
was  then  photographed.    Von  Ziemssen  verified  the  posi- 
tions by  following  the  course  of  the  nerves  m  the  dis- 
secting room,  and   finding   where  they   entered  the 
muscles,  and  the  relation  of  such  points  of  entry  to  the 
surface  of  the  body,  he  also  excited  the  muscles  of 
bodies  recently  dead,  before  the  muscular  irritability 
had  disappeared,  and  marking  the  spots  on  the  surface 
of  the  skin  where  contraction  was  most  readily  produced 
he  then  cut  down  and  found  that  the  motor  pomt  cor- 
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responded  closely  to  the  point  where  the  nerve  entered 
the  muscle. 

It  should  be  borne  in  mind  that  the  motor  points  are 
not  quite  constant  for  different  individuals,  their  exact 
place  varying  a  little  in  different  cases,  but  not  so 
greatly  as  to  diminish  the  value  of  knowing  their  posi- 
tions. In  actual  practice  the  best  position  of  the  elec- 
trode can  be  readily  found  by  experiment,  by  moving  it 
about  in  the  neighbourhood  of  the  usual  position  of  the 
motor  point  of  any  particular  muscle  until  the  contrac- 
tion shows  that  the  exact  spot  has  been  touched.  The 
ease  with  which  the  motor  points  can  be  found  depends 
a  good  deal  upon  the  amount  of  subcutaneous  fat 
present,  and  the  examination  of  the  deeper  muscles  is 
much  more  difficult  than  of  the  superficial  layer,  indeed 
in  the  case  of  some  of  the  deep  muscles  it  is  almost  im- 
possible to  produce  satisfactory  evidence  of  a  contrac- 
tion limited  to  the  muscle  sought,  for  the  diffusion  of  the 
current  will  throw  into  action  the  neighbouring  super- 
ficial muscles  and  so  obscure  the  result.  It  is  very  im- 
portant to  place  the  patient's  limb  in  a  good  position,  so 
that  any  muscular  movement  looked  for  may  be  readily 
seen  ;  the  muscles  must  be  lax,  the  limb  should  be  sup- 
ported by  the  hand  of  the  operator,  and  not  lying  flat 
upon  the  table  or  couch.  It  is  best  to  begin  with  a 
current  which  is  strong  enough  to  throw  the  muscles 
into  contraction  and  to  apply  it  only  for  a  very  brief 
moment  at  a  time,  in  this  way  the  patient  will  be  less 
alarmed,  and  the  process  of  testing  will  be  sooner  over. 
It  is  well  always  to  try  the  strength  of  the  current  on 
oneself  before  touching  the  patient. 

It  is  assumed  that  the  action  of  the  individual  mus- 
cles is  known,  so  that  when  a  contraction  is  produced,  it 
can  be  referred  to  its  proper  muscle.    The  actions  of  the 
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muscles  were  elaborately  studied  by  Duchenne,  as  one  of 
the  outcomes  of  his  methods  of  treatment  by  localised 
application  of  the  faradic  current  to  paralysed  muscles, 
and  he  has  described  them  at  great  length  in  his 
Physiologie  des  Mouvements.  Besides  watching  for  and 
seeing  the  movement  produced  by  the  contracting  mus- 
cle, one  may  often  feel  a  weak  contraction  by  placing 
the  hand  over  the  tendons  Hghtly,  or  one  may  see  or 
feel  movements  of  the  fibres  of  the  muscle  itself  when 
they  are  two  feeble  to  move  the  bone  to  which  the 
muscle  is  attached. 

The  subjoined  table  of  the  points  at  which  certain 
nerves  may  be  conveniently  stimulated  will  be  of  service, 
and  Plates  I.  to  VI.,  which  show  the  motor  points, 
must  be  cqntinually  referred  to  until  they  are  known  by 
heart.  The  areas  of  skin  which  are  served  by  the 
several  cutaneous  nerves  must  also  be  thoroughly  mas- 
tered ;  Heiberg's  "  Atlas  of  the  Cutaneous  Nerves," 
translated  by  Dr.  Wagstafe,-''  has  some  useful  coloured 
outlines  of  these  areas  of  distribution.  Prof.  Flower's 
"Atlas"  may  also  be  referred  to.  (See  Plates  VII.  to 
XL,  after  Flower  and  Ranney). 

Points  favourable  for  the  electrisation  of  nerves. 

In  the  itpper  limb  : — 

1.  The  median,  along  the  inner  border  of  biceps,  and  at 
the  bend  of  the  elbow. 

2.  The  ulnar,  in  the  groove  between  the  internal  con- 
dyle and  the  olecranon. 

3.  The  musculo -spiral,  at  the  point  where  it  emerges 
from  the  triceps  ;  namely,  on  the  outer  side  of  the 
upper  arm  about  the  junction  of  its  middle  and 
lower  thirds. 

*  Bailliere,  Tindall  and  Cox,  1885. 
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4.  The  mtisculo-cutaneous,  in  the  hollow  of  the  axilla. 

5.  The  brachial  plexus,  in  the  hollow  above  the  clavicle. 

6.  "At  a  spot  2  or  3  centimetres  above  the  clavicle 
and  a  httle  externally  to  the  posterior  border  of 
the  sterno-mastoid,  immediately  in  front  of  the 
transverse  process  of  the  sixth  cervical  vertebra,  a 
simultaneous  contraction  can  be  produced  in  the 
deltoid,  biceps,  brachiahs  internus  and  supinator 
longus."  This  point  has  been  called  the  supra- 
clavicular point  of  Erb. 

}n  the  lower  limb  : — 

7.  The  anterior  crural,  in  the  fold  of  the  groin  just  out- 
side the  femoral  artery. 

8.  The  sciatic,  in  the  pelvis,  through  the  coats  of  the 
rectum ;  or  just  below  the  gluteal  fold  at  the  back 
of  the  thigh. 

9.  The  peroneal,  just  above  the  head  of  the  fibula,  be- 
side the  biceps  tendon. 

10.  The  tibial  nerve,  in  the  popliteal  space,  and  to  the 
inner  side  of  the  tendo  Achillis. 

In  the  face  : — 

1 1 .  The  facial,  through  the  cartilage  of  the  lower  sur- 
face of  the  meatus  auditorius.  Its  chief  ramifica- 
tions can  be  reached  where  they  emerge  from  the 
parotid  gland.  Erb  chooses  for  stimulation  three 
main  branches  of  the  facial  :  (a)  for  muscles  above 
palpebral  aperture ;  (b)  for  muscles  in  front  of 
upper  jaw,  between  the  orbit  and  the  mouth  ; 
(c)  for  muscles  of  the  lower  jaw.  He  tests  each 
of  these  in  two  places,  first  at  points  just  in  front 
of  the  ear,  and  secondly  for  {a)  at  the  temple,  for 
(b)  at  anterior  extremity  of  zygomatic  bone  near 
its  lower  border,  for  (c)  at  the  middle  of  the  inferior 
border  of  the  horizontal  ramus  of  the  lower  jaw. 
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12.  The  fifth,  at  the  supra-orbital  foramen — at  the 
infra-orbital  foramen — at  the  foramen  mentale,  on 
the  side  of  the  tongue,  on  the  outside  of  the  cheek. 

In  the  neck  : — 

13.  The  spinal  accessory,  at  the  top  of  the  supra-clavi- 
cular triangle,  where  the  nerve  pierces  the  sterno- 
mastoid. 

14.  The  phrenic,  on  the  outer  edge  of  the  lower  part 
of  the  sterno-mastoid. 

15.  The  hypoglossal,  along  the  upper  border  of  the  great 
cornu  of  the  hyoid  bone. 

16.  The  recurrent  laryngeal,  along  the  outer  border  of 
the  trachea. 

17.  The  pneumogastric  and  glosso -pharyngeal  along  the 
track  of  the  carotid  artery  just  below  the  angle  of 
the  jaw. 

160.  Relation  of  spinal  nerve  roots  to  muscles. — 

Frequently  it  happens  that  paralysis  affects  a  group  of 
muscles ;  in  these  cases  much  light  may  be  thrown 
upon  the  diagnosis  if  it  is  possible  to  trace  back  the 
nerve  supply  of  the  affected  muscles  to  their  spinal 
roots.  This  is  not  always  easy,  particularly  when  the 
nerve  trunks  pass  through  a  plexus  like  the  brachial 
plexus  on  their  way  from  the  cord  to  the  muscles  ;  for 
example,  the  distribution  of  a  paralysis  affecting  some 
of  the  muscles  of  the  hand  might  enable  us  to  distin- 
guish between  a  lesion  of  the  trunk  of  the  median  nerve 
on  the  one  hand,  and  a  lesion  of  the  eighth  cervical  and 
first  dorsal  roots  on  the  other ;  in  the  latter  case  the 
whole  of  the  thenar  and  hypothenar  eminences  and  all 
the  lumbricales  and  interossei  would  be  paralysed ;  in 
the  former  case  some  of  these  muscles  would  escape, 
namely,  the  hypothenar,  the  interossei,  the  two  inner 
lumbricales,  the  adductor  pollicis,  and  the  inner  half  of 
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the  flexor  brevis,  all  of  which  are  supplied  by  the  ulnar 
nerve. 

A  paper  pubhshed  in  "Brain,"  1881,  by  Dr.  Ferrier, 
gives  a  tabular  statement  of  the  more  important  spinal 
nerve  roots,  with  the  muscles  supplied  by  each.  As  it 
is  likely  to  be  of  great  value  in  electrical  diagnosis  we 
reproduce  it  here,  as  modified  by  Dr.  De  Watteville, 
"  Lancet,"  July  14,  1883. 
Nerve  roots  : — 

^th  cervical. — Deltoid,  rhomboids,  spinati,  biceps  ;  bra- 
chialis  anticus,  supinator  longus  ;  extensors  of 
hand. 

^th  cervical. — Deltoid  (clavicular  portion),  biceps;  bra- 
chialis  anticus,  serratus  magnus,  supinator  longus ; 
extensors  of  hand. 

6th  cervical. — Latissimus  dorsi,  pectoralis  major,  ser- 
ratus magnus,  pronators,  triceps. 

yth  cervical. — Teres  minor,  latissimus  dorsi,  subscapu- 
laris,  pectoralis  minor,  flexors  of  hand,  triceps. 

Sth  cervical. — Flexors  of  wrist  and  fingers,  muscles  of 
hand,  extensors  of  wrist  and  fingers,  triceps. 

ist  dorsal. — Muscles  of  hand  (thenar,  hypothenar,  in- 
terossei) . 

^rd  hmhar. — Ilio-psoas,  sartorius,  adductors,  extensor 
cruris. 

lumbar. — Extensor  femoris  et  cruris ;  peroneus  lon- 
gus ;  adductors. 

^th  lumbar. — Flexors  and  extensors  of  toes— tibial, 
sural,  and  peroneal  muscles,  extensors  and  rota- 
tors of  thigh,  hamstrings. 

ist  sacral. — Calf,  hamstrings,  long  flexor  of  great  toe, 
intrinsic  muscles  of  foot. 

2nd  sacral. — Intrinsic  muscles  of  foot. 

Reference  to  the  paper  of  Dr.  Ferrier  will  show  that 
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in  his  table  the  function  of  each  nerve  root  is  expressed 
in  terms  of  the  movements  produced,  and  not  in  terms 
of  the  muscles  concerned  in  producing  the  movements. 

Dr.  Herringham'^  has  also  tabulated  as  follows  the 
results  of  numerous  dissections  of  the  brachial  plexus  in 
new-born  infants. 

Usual  nerve  supply  : — 

yd,  ^th  and  ^th  cervical. — Levator  anguli  scapulae. 
^th. — Rhomboids. 

^th  or  sth  and  6th  cervical. — Supraspinatus,  infraspinatus, 
teres  minor. 

^th  and  6th  cervical. — Subscapularis,  deltoid,  biceps, 
brachialis  anticus. 

6th  cervical. — Teres  major,  pronator  teres,  flexor  carpi 
radialis.  Supinator,  longus  and  brevis.  Super- 
ficial thenar  muscles. 

^th,  6th  and  yth  cervical. — Serratus  magnus. 

6th  or  yth  cervical. — Extensores  carpi  radiales. 

yth  cervical. — CoracobrachiaHs,  latissinius  dorsi,  exten- 
sors at  back  of  forearm,  outer  head  of  triceps. 

yth  and  8th  cervical. — Inner  head  of  triceps. 

yth,  8th  and  ist  dorsal. — Flexor  sublimis  and  pro- 
fundus, flexor  carpi  ulnaris,  flexor  longus  poUicis, 
and  pronator  quadratus. 

8th  cervical.— l^ong  head  of  triceps,  hypothenar  muscles, 
interossei,  deep  thenar  muscles. 

The  pectoralis  major  from  6th,  7th,  8th  and  ist  dorsal. 

The  pectoralis  minor  from  7th,  8th  and  ist  dorsal. 

Dr.  Goivers]  also  gives  a  table  of  the  "  approximate 
relation  "  of  the  spinal  nerve  roots  to  the  various  motor, 
sensory  and  reflex  functions  of  the  spinal  cord. 

*  "  Proc.  Roy.  Soc."  March,  1866. 

f  "  Diseases  of  the  Nervous  System,"  vol.  i.,  1886. 
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161.  Importance  of  experiments. — When  the  stu- 
dent has  acquired  by  practice  a  fair  degree  of  proficiency 
in  finding  the  motor  points  he  will  have  conquered  the 
chief  difficulties  of  the  investigation  of  the  reactions  of  a 
patient's  muscles.  Nothing  is  so  useful  as  to  practise 
frequently  upon  oneself,  and  the  unreasoning  dislike 
which  many  people  have  to  applying  currents  to  their 
own  persons  is  much  to  be  deprecated.  A  faradic  cur- 
rent which  is  strong  enough  to  provoke  contraction  in 
the  muscles  is  not  really  painful,  and  it  certainly  in- 
spires confidence  in  the  patient  if  he  sees  the  physician 
begin  by  applying  the  current  to  his  own  muscles. 
Sometimes  the  current  applied  is  not  strong  enough, 
and  thus  the  mistake  may  be  made  of  supposing  that 
muscles  do  not  respond  to  faradism  when  really  they, 
would  respond  readily  if  a  sufficiently  strong  current 
were  used. 

162.  Bilateral  affections — Prof.  Erb's  method. 

— Before  speaking  of  the  deviations  from  the  normal 
standard  which  are  met  with  in  disease  it  would  be 
well  to  quote  from  Erh  his  account  of  a  plan  for  dealing 
with  cases  having  lesions  of  both  sides  of  the  body,  and 
in  which  comparisons  between  a  sound  side  and  a  dis- 
eased one  are  not  possible.  He  says :  "  in  order  to 
eliminate  the  necessity  of  comparison  with  other  indi- 
viduals, and  to  find  a  standard  of  comparison  on  the 
same  person,  I  have  tried  a  wider  method  of  exploration. 
It  consists  in  determining  the  excitability  of  nerves  in 
different  regions  of  the  body,  and  afterwards  comparing 
the  results  and  fixing  the  relative  value  in  different 
individuals.  We  find  a  fairly  constant  correlation  be- 
tween the  four  pairs  of  nerves  we  have  chosen,  so  that 
too  considerable  deviations  of  one  of  them  with  refer- 
ence to  the  relative  value  may  be  considered  as  patho- 
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logical."  "Hence  the  following  method: — In  testing 
we  must  always  choose  these  four  nerves — the  frontal 
nerve  or  branch  of  the  facial  nerve  supplying  the  frontalis 
muscle,  the  accessory  nerve,  the  ulnar  nerve  at  the  elbow, 
and  the  peroneal  nerve.  On  each  of  these  nerves  we 
must  determine  with  great  care  with  a  fine  electrode, 
on  the  most  excitable  spot,  the  distance  of  the  coils  at 
which  the  minimum  faradic  contraction  occurs,  this  is 
done  by  marking  the  number  at  which  the  weak  but 
visible  contraction  is  obtained  with  the  negative  pole  of 
the  secondary  coil.  Then  by  means  of  the  galvanic 
current  and  with  a  middle  sized  electrode,  moistened 
with  hot  water  every  time  it  is  applied,  the  galvano- 
metric  deviation  is  determined  with  a  definite  number 
of  cells  (ten  or  twelve).  The  positive  pole  remains  fixed 
upon  the  sternum,  and  the  negative  is  applied  to  all  the 
spots  at  which  the  excitation  is  made.  The  numbers 
thus  found  are  tabulated." 

"  We  thus  obtain  two  series  of  numbers,  the  one  repre- 
senting the  relative  faradic  excitability  of  the  four 
nerves,  the  other  the  relative  state  of  the  resistance  at 
the  corresponding  points  on  each  side  of  the  body.  I 
have  already  pointed  out  how  the  results  of  the  second 
series  assist  the  conclusions  to  be  drawn  from  the 
first"  (see  table,  §  138).  "From  this  table  we  learn 
that  the  numbers  obtained  for  either  side  of  the  body 
coincide  almost  exactly,  further,  all  four  pairs  of  nerves 
are  excited  by  minimum  currents  of  sufficiently  com- 
parable strength ;  the  relation  between  the  ulnars  and 
peroneals  in  this  respect  is  of  special  import,  they 
require  almost  equal  distances  of  coils,  while  the  frontals 
often  respond  to  a  distance  slightly  less  (a  slightly 
stronger  current)  and  the  accessories  to  one  a  little 
greater  (a  slightly  weaker  current)."    "  I  think  it  well  to 
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direct  your  attention  here  to  some  of  the  difficulties  and 
sources  of  error  wliich  you  may  have  to  encounter.  In 
the  first  place  you  must  find  the  place  where  the  nerve 
is  most  excitable,  and  then  determine  the  weakest 
current  which  will  excite  it.  Much  skill  and  patience 
are  required  for  this,  it  is  Avonderful  to  see  how  slight 
a  movement  of  the  exciting  electrode  will  produce  a 
wholly  different  effect.  Special  difficulties  arise  in  con- 
nection with  the  ulnar  and  peroneal  nerves ;  the  situation 
in  which  the  former  is  most  excitable  is  about  three 
centimetres  above  the  internal  condyle,  at  the  inner 
border  of  the  triceps ;  in  the  case  of  the  peroneal  it  is 
three  or  four  centimetres  above  the  head  of  the  fibula, 
beside  the  tendon  of  the  biceps,  and  can  be  reached  with 
the  electrode  only  after  much  searching." 

By  making  oneself  thoroughly  familiar  with  the  be- 
haviour of  these  four  nerves  in  a  series  of  healthy 
patients,  one  obtains  a  standard  which  is  of  great  value 
in  the  investigation  of  cases  of  disease,  for  instance  the 
following  table  given  by  Erb  from  a  case  of  tales  dorsalis, 
illustrates  his  meaning  and  shows  a  change  in  the  direc- 
tion of  increased  faradic  excitability  in  the  peroneals  : — 

Distance  between  Coils  in  Millimetres. 

Right.  Left. 

Frontal                      170  ...  168 

Accessory       ...       166  ...  167 

Ulnar                         170  ...  165 

Peroneal                     205  ...  200 

163.  Electro-diagnosis  charts. — Dr.  Leslie  Phillips 
has  drawn  up  a  very  useful  chart  for  recording  the  re- 
sults of  the  electrical  investigation  of  nerves  and  muscles 
in  which  he  has  very  conveniently  utilised  the  sugges- 
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tions  oi  Prof.  Erb.  His  instructions  for  using  them  are 
subjoined. 

"  Securely  fasten  a  large  plate  electrode,  well  moistened 
with  warm  water,  to  the  sternum  or  nucha,  i.  Begin 
by  iinding  minimal  reaction  of  nerves  and  muscles  to 
faradic  current,  using  an  electrode  about  a  centimetre 
in  diameter.  2.  By  means  of  a  larger  electrode  placed 
over  the  same  points,  pass  a  galvanic  current  from  ten 
cells,  and  note  deflection  of  needle  of  galvanometer. 
This  will  detect  differences  of  resistance  on  the  two 
sides — the  less  the  deflection  the  greater  the  resistance. 
3.  Next  pass  to  galvanic  current  and  observe  the  needle 
deflection  at  which  first  contraction  appears  (a)  on  clos- 
ing, and  {b)  on  opening  the  current  with  the  kathode, 
and  then  the  same  with  the  anode,  on  the  nerve  or 
muscle.  For  galvanic  observations  use  an  electrode 
two  centimetres  in  diameter.  Choose  perfectly  sym- 
metrical points  to  compare  right  and  left.  Dip  the 
electrode  in  water  each  time  before  applying  to  the  skin. 
Do  not  allow  the  current  to  flow  longer  than  is  needful 
for  making  the  observation,  so  guarding  against  electro- 
tonic  error." 

164.  Morbid  changes  in  the  electrical  reac- 
tions.— The  changes  in  the  electrical  reactions  which 
are  found  in  disease  may  be  classed  as  follows : — 


A.  Motor. 

1.  Increased  excitability 

2.  Diminished  excitability  • 

3.  Reaction  of  degenera- 

tion   

4.  Other  motor  anomalies 


(a)  faradic  \ 

(b)  galvanic  [Quantitative 

[a)  faradic   I  changes. 

(b)  galvanic' 
(a)  complete  \ 

(6  partial  Q^f  Native 
^  '  I  changes 
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B.  Sensory. 

1.  Increased  excitability. 

2.  Diminished  excitability. 

165.  Quantitative  changes. — (a).  Increased  or  de- 
creased irritability  to  faradism. — Before  forming  a  diagnosis 
of  an  increase  or  decrease  of  excitability  it  is  necessary 
to  keep  steadily  in  mind  the  importance  of  measuring 
the  resistance  of  the  patient  at  the  same  time,  because 
without  the  galvanometer  it  is  not  easy  to  know  how 
much  of  the  result  depends  upon  altered  resistance  and 
how  much  on  altered  excitability. 

In  unilateral  disease  increased  or  decreased  faradic 
excitability  is  shown  by  difference  in  behaviour  of  the 
two  sides.  If  the  normal  side  be  first  tested  and  the 
distance  in  millimetres  of  secondary  from  primary  be 
taken  with  the  minimal  stimulus,  an  increase  of  excita- 
bility will  be  shown  on  the  affected  side  if  the  minimal 
contraction  shows  itself  with  a  greater  distance  between 
the  coils.  If  both  sides  are  affected,  then  an  increased 
faradic  excitability  is  inferred  if  the  minimal  stimulus  is 
seen  with  the  secondary  further  from  the  primary  than 
the  distance  which  the  operator  has  taught  himself  to 
recognise  as  usual  in  healthy  people  ;  and  the  inference 
is  supported  if  the  galvanometer  shows  that  there  is  no 
abnormal  diminution  of  resistance ;  or  by  ErVs  method 
the  comparison  of  frontal,  accessory,  ulnar  and  peroneal 
nerves  may  show  an  order  of  excitability  unlike  that  of 
health  ;  it  is  not  often  that  all  four  of  these  nerves  are 
involved  for  both  sides,  situated  as  they  are  in  parts  of 
the  body  remote  from  one  another. 

ih)  Increased  or  decreased  galvanic  excitability. — Galvanic 
increase  of  excitability  is  shown  by  the  development  of 
KCC  with  a  smaller  galvanometer  deflection  than  usual, 
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by  the  ready  production  of  KD,  and  generally  by  the 
easier  production  of  all  the  contractions. 

Galvanic  diminution  of  excitability  is  shown  by  in- 
creased difficulty  in  the  production  of  all  the  contrac- 
tions till  a  stage  is  reached  when  only  KCC  can  be 
obtained  even  with  strong  currents,  and  finally  this 
reaction  also  may  disappear ;  galvanic  excitability  is 
then  said  to  be  lost  or  abolished. 

Increased  excitability  of  the  nerves  and  muscles  is 
not  very  common,  when  it  does  occur  it  represents 
phases  of  irritation,  and  therefore  it  is  most  common  in 
the  early  stages  of  several  disorders  (such  as  tabes, 
chronic  myelitis,  hemiplegia)  where  at  a  later  period  the 
reactions  become  diminished. 

Diminished  excitability  occurs  in  many  old  standing 
nervous  diseases,  in  myopathic  muscular  atrophies,  in 
some  cases  of  peripheral  neuritis  (alcoholic  and  other) 
in  paralysis  or  atrophies  after  joint  diseases.  Its  recog- 
nition is  important,  and  particularly  so  when  the 
diagnosis  rests  between  it  and  the  reaction  of  degen- 
eration. 

166.  Qualitative  changes— The  reaction  of  de- 
generation.—This  term  was  introduced  to  signify  the 
altered  electrical  reactions  which  occur  in  nerves  and 
muscles  under  certain  special  pathological  conditions  ; 
the  peculiar  feature  being  that  the  change  is  not  only  a 
quantitative  one,  but  also  a  qualitative  one ;  that  is  to 
say,  there  is  an  alteration  in  the  nature  of  the  response 
which  the  degenerate  muscles  make  to  the  continuous 
current.  KCC  becomes  less  easily  ehcited  than  ACC 
(see  §  144),  and  in  addition,  the  contraction,  when  it  is 
provoked,  is  a  slow  and  sluggish  one,  differing  greatly 
from  the  very  rapid  contraction  given  by  a  normal 
healthy  muscle.    Erb's  definition  of  the  reaction  of  de- 
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generation  is  the  following.  "  It  is  characterised  by  the 
diminution  and  loss  of  faradic  excitability  in  both  nerves 
and  muscles,  whilst  the  galvanic  excitability  of  the 
latter  remains  unimpaired,  =■=  is  sometimes  notably  in- 
creased, and  always  undergoes  definite  qualitative  modi- 
fications." 

This  reaction  of  degeneration,  often  symbolised  by  the 
abbreviation  RD,  is  of  very  great  importance.  Its  dis- 
covery and  development  arose  from  an  observation  of 
Baierlacher  in  1859,  that  the  muscles  in  a  case  of  facial 
paralysis  did  not  respond  to  faradism,  but  reacted  with 
unusual  force  to  galvanism,  and  to  EvVs  careful  study 
of  the  symptom  then  first  made  known  we  owe  the  most 
important  fact  connected  with  the  subject  of  electro- 
diagnosis. 

The  investigation  of  the  reaction  of  degeneration  has 
been  pursued  both  clinically  and  experimentally,  and  its 
value  consists  in  the  fact  that  when  it  is  present  we  may 
diagnose  a  break  in  the  nervous  tract  reaching  from  the 
end  plate  of  the  muscle  to  its  "nucleus  of  origin"  in 
the  grey  matter  of  the  anterior  cornu  of  the  spinal  cord  ; 
the  lesion  therefore  must  either  be  in  the  grey  matter 

*  Mr.  Bowlby  in  his  Lectures  on  Injuries  of  Nerves,  delivered  at 
the  Royal  College  of  Surgeons,  in  June,  1887,  says  that  in  his  ex- 
perience diminution  of  the  excitability  to  galvanism  is  much  more 
common  than  increased  excitability.  He  says,  "  I  have  never  seen 
but  once  the  least  increased  excitability,  on  the  contrary,  I  have 
found  that  the  galvanic  irritability  diminished  rapidly,  so  that  in  two 
or  three  weeks,  at  a  time  when  theoretically  excitability  should  be  at 
its  height,  strong  currents  produced  but  slight  contractions,  which 
were  also  very  slow  and  wavy."  Mr.  Bowlby's  experience  is  pos- 
sibly due  to  his  experiments  having  been  made  chiefly  on  the  hand. 
A  comparison  of  the  excitability  of  the  muscles  of  the  hand  with 
those  of  the  forearm,  very  often  shows  an  apparent  decrease  of  irrita- 
biHty  in  the  former,  but  this  is  due  to  the  greater  thickness  of  the 
skin  of  the  hand  which  offers  a  high  resistance  (see  above,  §  158). 
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of  the  anterior  horn  in  the  cells  where  the  nerve  fibre 
starts,  or  in  the  course  of  the  nerve  fibre  from  there  to 
the  muscle.  The  reaction  of  degeneration  does  not 
follow  lesions  which  are  above  the  spinal  ganglion  cell 
whence  the  nerve  fibre  springs  (see  table,  p.  249),  nor 
does  it  follow  affections  which  are  confined  to  the  mus- 
cle fibres  proper  (idiopathic  muscular  atrophies). 

In  RD  the  irritability  of  the  nerve  disappears  entirely, 
and  therefore  stimulation  of  it  has  no  effect,  the  muscle 
on  the  other  hand  retains  its  irritability  to  the  galvanic 
but  not  to  the  faradic  current,  that  is  to  say  its  irrita- 
bility is  still  present  for  certain  stimuli,  and  its  contrac- 
tion wave  can  be  transmitted   from  muscle  fibre  to 
muscle  fibre,  much  as  it  is  in  a  curarised  muscle.  It 
does  not  react  to  faradism,  perhaps  because  the  faradic 
shocks  are  too  brief,  but  it  reacts  to  the  stimulus  of  a 
smart  blow  as  it  does  to  a  galvanic  current  slowly  made 
and  interrupted.    A  curarised  muscle  will  still  react  to 
faradism,  though  not  so  readily  as  a  normal  muscle, 
therefore  the  total  loss  of  faradic  irritability  in  a  muscle 
showing  the  reaction  of  degeneration  signifies  some- 
thing more  than  a  torpor  of  the  intramuscular  nerve 
endings,  it  means  that  a  trophic  change  has  occurred 
in  the  muscle  protoplasm,  and  further  evidence  of  the 
change  is  seen  in  the  production  of  ACC  more  easily 
than  KCC.     This  alteration  of  irritability  is  an  ex- 
tremely important  part  of  the  reaction  of  degeneration, 
for  it  is  exactly  the  reverse  of  what  is  found  in  healthy 
muscle.    Another  important  alteration  is  that  the  gal- 
vanic irritability  of  the  muscle  may  be  greater  than  in 
health,  KCC  being  more  easily  produced  than  before, 
and  therefore  ACC  far  more  easily  than  before,  because 
in  health  ACC  requires  a  stronger  stimulus  than  KCC, 
in  the  proportion  of  2  :  i  (§  144)- 
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It  is  not  always  that  the  phase  of  exaltation  of  mus- 
cular irritability  is  manifested,  and  in  most  cases  of 
RD,  that  is,  of  course,  if  recovery  does  not  set  in,  the 
later  stage  is  one  of  gradual  failure  of  the  galvanic 
irritability  of  the  muscle  ;  ACC,  however,  being  always 
the  more  easy  of  the  two  to  provoke,  and  in  the  last 
stage  of  all,  ACC  alone  may  remain,  faintly  responsive 
to  strong  currents. 

167.  The  course  of  the  reaction  of  degeneration. 
— At  first  for  two  or  three  days  after  the  onset  of  the 
lesion  there  will  be  in  the  nerve  a  progressive  lowering 
of  the  galvanic  and  faradic  irritability,  then  by  the 
second  or  third  week  the  galvanic  and  faradic  irrita- 
bihty  of  the  nerve  will  be  completely  abolished — and  it 
will  remain  so  unless  recovery  takes  place  ;  in  that  case 
the  return  of  motor  power  may  precede  the  return  of 
electrical  irritability. 

In  the  muscle  the  reaction  to  faradism  runs  the  same 
course  as  in  the  nerve.  To  galvanism,  on  the  other 
hand,  there  is  at  first  a  progressive  lowering  of  excita- 
bility, but  by  the  end  of  the  second  week  this  is  re- 
placed by  an  increase  of  excitabihty  to  a  point  much 
above  the  normal  with  sluggishness  of  contraction  and 
ACOKCC;  after  a  period  of  three,  six,  or  eight 
weeks  diminution  of  excitability  sets  in,  and  the  diminu- 
tion is  progressive  until  at  last  it  becomes  stationary  as 
a  mere  trace  of  ACC. 

In  cases  which  recover  it  may  happen  that  the  volun- 
tary power  of  movement  will  return  long  before  the 
nerve  can  be  made  to  respond  to  electrical  stimuli,  but 
more  often  the  one  recovers  with  the  other. 

The  following  is  an  account  of  the  course  of  the 
changes  which  occur  in  a  typical  case  of  RD  after 
division  of  a  nerve  trunk. 
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1.  A  sudden  arrest  of  voluntary  motion  in  the  mus- 
cles supplied  by  the  divided  nerve. 

2.  Arrested  conductivity  of  the  nerve — therefore  abo-  • 
lition  of  excitability  to  faradism  in  the  muscles  suppUed 
from  below  the  wound  when  both  electrodes  are  placed 
on  or  near  the  nerve  trunk  above  the  seat  of  injury. 

3.  For  two  or  three  days,  sometimes  only  for  forty- 
eight  hours,  faradic  contractihty  remains  present  in  the 
muscles  when  the  electrodes  are  applied  on  the  distal 
side  of  the  section  or  on  the  bodies  of  the  muscles.  The 
disappearance  of  the  reaction  to  faradism  shows  de- 
generation of  the  intra-muscular  nerve  fibres  and  end 
plates. 

4.  Increased  galvanic  irritabiUty  accompanied  by  a 
relative  increase  of  anodal  excitability.  The  anodal 
closing  contraction  (ACC)  approaching  in  amphtude 
and  ultimately  exceeding  (about  the  sixth  or  seventh 
day)  the  cathodal  closing  contraction  (KCC).  The 
electrodes  are  apphed,  one  on  an  indifferent  part  of 
the  body,  and  the  other  on  the  muscle  deprived  of  its 
nerve  supply,  and  the  direction  of  the  current  alter- 
nated on  purpose  to  compare  the  amplitude  of  the 
contractions  produced.  The  current  is  conveyed,  not 
by  the  nerve,  the  continuity  of  which  is  severed,  but 
more  or  less  by  all  the  tissues  of  the  body  intervening 
between  the  two  electrodes. 

5.  During  this  period  the  muscular  fibrill^  are  losing 
their  striated  appearance  and  are  undergoing  some 
change  in  their  constitution.  The  nuclei  then  increase 
in  number  and  there  is  a  proliferation  of  the  connective 
tissue  between  the  fibrils.  This  ultimately  will  lead  to 
a  cirrhotic  condition  in  the  muscle  and  to  a  decrease  of 
the  increased  galvanic  irritability.  _ 

6.  As  the  muscle  degenerates  and  the  cirrhosis  m- 
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creases  the  galvanic  irritability  steadily  declines,  still 
showing  with  decreasing  force  the  ACO-KCC.  The 
final  disappearance  of  galvanic  irritability  may  not  take 
place  for  many  weeks  or  months. 

7.  If  union  of  the  divided  nerve  takes  place,  the  axis 
cylinder  is  first  restored,  at  any  time  from  the  end  of 
sixth  week  to  the  seventh  or  eighth  month,  and  volun- 
tary movement  in  the  muscles  again  becomes  possible. 

8.  Lastly,  after  the  regeneration  of  the  nerve,  mus- 
cular regeneration  commences.  The  cathodal  closure 
contraction  gradually  re-asserts  itself,  and  the  galvanic 
irritability  again  very  gradually  rises  to  its  former 
condition  under  which  it  existed  before  the  nerve  was 
divided. 

Such  is  a  review  of  the  typical  electrical  reactions  of 
nerve  and  muscle  after  complete  severance  of  a  nerve, 
and  these  reactions  modified  in  various  ways,  by  the 
amount  of  destruction  to  the  motor  centres  or  cells,  or 
the  conducting  nerve  fibres,  are  characteristic  of  the 
several  nervous  diseases  in  which  qualitative  changes 
in  the  electrical  reactions  are  to  be  observed. 

Professor  Erb  is  careful  to  remind  his  readers  that 
various  deviations  from  the  typical  form  of  the  reaction 
of  degeneration  may  be  met  with.  He  says  :  "  You 
must  not  expect  to  find  in  every  pathological  condition 
so  great  a  uniformity  in  the  course  of  these  modifica- 
tions as  is  to  be  met  with  in  experiment,  or  in  a  simple 
traumatic  lesion  of  the  nerves  ;  this  does  not  often  occur 
in  disease,  where  many  deviations  may  be  caused  by 
the  nature  of  the  injury,  different  affections  of  trophic 
influences,  occasional  improvement,  or  new  elements  of 
disturbance  following  one  upon  another ;  and  one  is  not 
warranted  in  concluding  from  some  irregularity,  such  as 
presents  itself  in  Icng-standing  cases,  that  one  has  dis- 
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covered  some  fresh  anomaly.  The  time  at  which  repair 
takes  place  determines  great  differences  in  the  general 
manifestation  of  the  reaction  of  degeneration.  If  this 
happens  early  the  nerve  may  be  endowed  with  galvanic 
and  faradic  excitability  while  the  changes  in  the  muscle 
are  at  their  height,  these  latter  cannot  be  reformed  so 
quickly,  and  require  for  the  purpose  some  lapse  of  time. 
It  may  happen  then,  that  when  the  nerve  is  excited  the 
muscle  responds  with  normal  contractions,  but  still 
when  stimulated  directly  exhibits  the  reaction  of  de- 
generation. But  if  repair  sets  in  very  late,  it  may  be 
that  the  muscular  galvanic  excitably  is  already  greatly 
diminished  when  the  electric  excitability  of  the  nerve 
begins  to  be  slowly  restored.  There  is,  therefore,  an 
indefinite  number  of  special  cases,  which  nevertheless 
may  be  mastered  by  carefully  attending  to  the  condi- 
tions of  time  and  other  circumstances." 

168.  Partial  reaction  of  degeneration. — Under 
this  name  Erh  has  brought  together  and  grouped  certain 
deviations  from  the  normal  type ;  in  these,  the  behaviour 
of  the  muscle  to  galvanism  is  entirely  that  of  the  typical 
RD  while  the  behaviour  of  the  muscle  to  faradism  is 
much  the  same  as  in  normal  muscle,  showing  only  slight 
quantitative  diminution,  and  the  behaviour  of  the  nerve 
also  is  merely  a  slight  quantitative  diminution  to  galvan- 
ism and  faradism  with  no  qualitative  alteration.  The 
galvanic  reactions  of  the  muscle  show  ACOKCC,  a 
considerably  exalted  excitability,  and  the  sluggish  mode 
of  contracting. 

Muscles  having  the  partial  reaction  of  degeneration 
may  exist  in  a  limb  side  by  side  with  others  showing 
the  complete  form,  and  other  muscles  may  show  other 
degrees  of  transition  between  the  normal  state  and  par- 
tial or  complete  degeneration,  but  the  existence  of  such 
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a  condition  as  that  in  which  the  muscles  show  a  reaction 
of  degeneration,  though  connected  to  the  central  nervous 
system  by  a  nerve  still  functional,  or  at  least  capable  of 
conducting  impulses  to  the  muscle,  makes  it  more  than 
ever  difficult  to  understand  the  exact  meaning  of  the 
muscular  changes  which  give  rise  to  the  phenomena  of 
the  reaction  of  degeneration.  Erh  especially  insists  that 
although  the  partial  form  could  be  simulated  by  the 
particular  case  of  commencing  recovery  from  complete 
reaction  of  degeneration,  yet  the  two  states  are  differ- 
ent ;  for  that  the  partial  reaction  of  degeneration  may 
be  present  at  the  commencement  of  an  attack,  and  may 
be  followed  at  a  later  period  by  the  complete  form  in 
the  same  nervous  and  muscular  structures.  The  ac- 
companying charts  of  Prof.  Erh  (figs.  70,  71,  72,  73) 
represent  the  phenomena  of  the  reaction  of  degeneration 
in  a  graphic  manner. 

The  increased  excitability  of  the  muscle  to  galvanism 
is  in  marked  contrast  to  the  diminished  reactions  of  the 
nerve  to  galvanism  and  faradism,  and  of  the  muscle  to 
faradism. 

169.  Conditions  which  lead  to  the  reaction  of 
degeneration — Briefly  speaking,  RD  follows  upon 
damage  in  that  region  of  the  motor  path  to  which  Dr. 
Gowers  has  given  the  name  of  the  "lower  segment,"  that 
is  to  say,  that  part  of  the  course  of  a  motor  fibre  which 
commences  at  the  motor  ganglion  cell  of  the  anterior 
cornu,  and  is  continued  down  as  a  nerve  fibre  to  the  motor 
end-plate  beneath  the  sarcolemma  of  its  muscle.*  It 

"  It  is  worth  while  to  consider  for  a  moment  the  whole  motor 
path,  from  the  cortex  of  the  brain  to  the  muscles  ;  we  may  consider 
it  as  composed  of  two  segments,  an  upper  and  lower,  each  consists  of 
a  ganglion  cell  above,  a  nerve  fibre,  and  the  terminal  ramification  of 
the  latter  ;  the  upper  "  cerebro-spinal"  segment  consists  of  the  cor- 
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does  not  follow  damage  limited  to  the  "  upper  segment." 
RD  then  will  occur  after  division,  destruction  or  injury 
of  motor  nerve  trunks,  and  after  disease  or  injury  affect- 
ing the  ganglion  cells  of  the  anterior  cornu  of  the  cord. 
Under  one  or  other  of  these  morbid  states   can  be 
grouped  pressure  palsies  of  all  kinds,  different  forms  of 
peripheral  neuritis,  division  or  laceration  of  nerves, 
poliomyelitis  anterior  both  acute  and  chronic,  progres- 
sive muscular  atrophy,  if  of  spinal  origin  (but  not  if  of 
muscular  origin),  also  lead  poisoning,  acute  and  chronic 
myelitis,  and  diphtheritic  paralysis.     The  reaction  of 
degeneration  is  not  found  in  the  paralysis  of  cerebral 
disease  (except  when  the  implication  of  the  nuclei  of 
origin  or  of  the  nerve  trunks  of  the  cranial  motor  nerves 
produces  a  reaction  of  degeneration  in  the  muscles 
which  they  supply)  nor  does  it  occur  in  diseases  limited 
to  the  white  matter  of  the  cord,  nor  in  hysterical  para- 
lysis. 

Dr.  de  Watteville-''  has  drawn  up  the  table  on  page  249 
for  a  guide  to  the  position  of  a  lesion  so  far  as  it  is  indi- 
cated by  the  electrical  reactions. 

170.  Prognosis  in  the  reaction  of  degeneration. 

— "  Other  things  " — that  is  the  cause  and  nature  of  the 
disease — "being  the  same,  the  lesion  is  serious,  the 
probable  duration  of  the  disease  longer,  the  definite 

tical  ganglion  cell,  and  the  pyramidal  fibre  which  proceeds  from  the 
cell,  passes  through  the  brain  and  cord,  and  ends  b)'  dividing  in  the 
spongy  substance  of  the  anterior  cornu.  The  lower  "  spino-muscu- 
lar  "  segment  consists  of  the  spinal  ganglion  cell,  and  the  fibre  pro- 
ceeding from  this,  passing  from  the  anterior  root  and  nerve  trunk  of 

the  muscle,  where  it  divides  and  ramifies  on  the  muscular  fibre  

It  will  be  found  that  this  conception  of  the  motor  path  conduces  to 
clearer  ideas  of  many  phenomena  of  disease."   Gowers,  "  Diseases  of 
Nervous  System,"  1886,  vol.  i.,  p.  ri6. 
•  "  Lancet,"  July  14th,  1883. 
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prospect  of  a  cure  more  remote,  in  proportion  as  the 
reaction  of  degeneration  is  developed  and  complete, 
and  in  proportion  to  the  stage  which  it  has  reached  " 
(Erb). 

Table   for  Localisation   of  a  Lesion   from  the 
Electrical  Reactions. 


fi.  Healthy  (shamming). 
2.  Functional  disturbance  of 
3.  Organic  „ 


B.  Abnormal 


Augmented 
irritability. 


Quantitative  , 
alterations.  ] 


/Cortex. 
Corpus  striatum.  ^ 
Peduncles. 
Pons. 

Lateral  columns. 

Peripheral  nerves  (very  slight  dis- 
ease). 
\  Muscles. 

'Irritative  pro-  f  Brain. 
I    cess  in         I  Lateral  column. 
Hyper-excita-  ( Cornua. 
bility  in  INerve-muscle. 


Quantitative 

and 
Qualitative. 


Diminished 
irritability. 


f  Complete 
reaction  of 
degenera- 
tion. 

Partial  reac- 
tion of  de- 
V  generation. 


(Alterations    in    nerve-muscle  of 
spinal  origin. 
Alterations    in    nerve-muscle  of 

(idiopathic  origin. 
Alterations    in    nerve-muscle  of 
post-regenerative  origin. 
(  Destruction  of  anterior  horn. 
[  Disease  of  multipolar  cells. 

,,       trophic  centres  of  nerve- 
muscle. 
,  Severe  lesion  of  nerve  trunk, 
f  Slight  disease  of  multipolar  cells. 
Disease  of  trophic  centres  of  mus- 
cle. 

I  Slight  disease  of  nerve  trunk. 

He  instances  the  value  of  the  symptom  in  the  prog- 
nosis of  simple  facial  palsy,  distinguishing  three  forms, 
(i)  Mild,  electrical  reactions  normal,  prognosis  favour- 
able, probable  duration  three  weeks.  (2)  Intermediate, 
partial  RD,  duration  one  or  two  months.  (3)  Serious, 
complete  RD,  prognosis  bad,  duration  3,  6,  9  months  or 
longer. 

At  the  same  time  he  emphasizes  the  importance  of  the 
saving  clause  with  which  the  quotation  opens,  insisting 
that  it  is  not  permitted  to  reason  alike  in  all  paralyses, 
without  giving  due  weight  to  the  importance  of  the 
lesion  producing  them,  for  instance  the  prospects  of  a 
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case  of  facial  palsy  from  caries  of  the  petrous  portion  of 
the  temporal  bone  cannot  be  expected  to  resemble  those 
where  the  mischief  has  been  set  up  by  a  mere  exposure 
to  cold  ;  and  electrical  reactions  which  are  a  guide 
to  prognosis  in  cases  of  the  latter  type  must  not  be 
forced  into  a  similar  interpretation  for  the  former. 
There  is  an  important  remark  of  Dr.  de  WaUevilWs  from 
the  paper  quoted  above  : — "  It  may  not  be  unnecessary 
to  guard  the  student  against  the  error  of  looking  upon 
the  occurrence  of  alterations  in  the  response  of  nerves 
and  muscles  as  in  itself  indicative  of  irreparable  mis- 
chief. On  the  contrary,  RD  is  often  of  far  more  favour- 
able prognosis  than  normal  reactions,  which  we  have 
already  found  to  be  consistent  with  absolutely  incur- 
able lesions,  involving  complete  paralysis.  Intractable 
spasms,  tremors,  or  convulsions  again  are  never  accom- 
panied by  any  notable  disturbance,  quantitative  nor 
qualitative,  of  the  electrical  reactions." 

171.  Anomalous  electrical  reactions. — {a.)  RD  or 
partial  RD  occurs  in  muscles  which  are  not  paralysed.  This 
condition  of  affairs  was  first  described  by  Erh,  but  it 
has  since  been  noticed  by  Bernhardt,  Kast,  Buzzard, 
Hughes  Bennett  and  others.  Many  of  the  cases  recorded 
have  been  in  people  showing  signs  of  lead  poisoning, 
though  not  all  were  such,  and  for  the  most  part  the 
nerves  responded  to  faradism  and  galvanism,  though 
not  quite  so  well  as  in  health,  while  the  muscles  showed 
the  alterations  of  the  reactions  of  degeneration  (par- 
tial RD)  ;  in  others  the  reaction  of  degeneration  was 
complete,  the  nerves  responding  not  at  all  to  faradism 
or  galvanism. 

(b.)  The  muscles  respond  by  a  sluggish  contraction  to  a 
stimulus,  either  faradic  or  galvanic,  applied  to  the  nerve  trunk, 
(c.)  The  muscle  responds  in  a  similar  sluggish  manner  to 
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faradic  currents  applied  to  the  muscle  itself.  The  reader  who 
wishes  to  master  the  intricacies  of  this  part  of  the  sub- 
ject should  consult.  Professor  Erb  in  Von  Ziemssen's  volume 
on  "Electrotherapeutics,"  p.  208-225,  where  he  will  find 
a  description  of  several  rare  variations  from  the  usual 
course  of  reaction  of  degeneration. 

172.  Sensory  nerves. — There  is  but  little  to  be  said 
on  the  subject  of  alterations  in  the  electrical  reactions 
of  sensory  nerves.  Simple  increase  of  sensibility  and 
simple  decrease  of  sensibility  can  be  detected,  and  ap- 
parently the  degree  of  electrical  sensibility  corresponds 
rather  with  the  degree  of  perception  of  pain  than  with 
that  of  perception  of  tactile  sensations.  This  has  been 
determined  in  locomotor  ataxy  where  these  two  forms 
of  sensibihty  are  often  affected  in  unequal  degrees. 

For  investigating  the  electro-cutaneous  sensibility  it 
is  as  important  to  notice  and  take  into  consideration  the 
amount  of  skin  resistance,  as  it  was  in  examining  the 
muscles,  and  where  exact  results  are  wished  for,  the 
sledge  form  of  coil  must  be  used,  and  the  distance  of 
secondary  coil  from  primary  must  be  noted  and  recorded. 
For  testing  the  sensibility  of  the  cutaneous  nerves  one 
should  use  a  metallic  brush  for  the  active  electrode  and 
should  not  moisten  the  surface  of  the  skin  ;  or  an  elec- 
trode devised  by  Erb  may  be  used.  It  consists  (fig.  74) 
of  a  bundle  of  400  metallic  wires  sheathed  and  var- 
nished, enclosed  in  a  vulcanite  case  of  about  two  centi- 
metres in  diameter.  At  one  end  the  wires  are  all  put  in 
metallic  communication,  and  are  attached  to  an  ordi- 
nary rheophore  handle,  the  other  end  is  polished,  so 
that  when  applied  to  the  skin  it  has  the  effect  of  a 
smooth  surface.  It  covers  an  area  of  skin  of  about  two 
centimetres  in  diameter,  and  into  this  the  current  enters 
in  400  parts.    Thus  a  more  regular  action  on  the  nume- 
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rous  nerve  terminations  is  secured,  and  with  the  faradic 
current  the  degree  of  stimulus  may  be  estimated  for 
the  first  appearance  of  sensation,  and  for  the  first 
perception  of  pain.  The  following  remarks'"  on  the 
subject  of  estimating  anaesthesia,  are  of  great  value 
in  showing  how  easy  it  is  to  be  misled  in  testing  a 
patient  for  anaesthesia.  "  The  patient  should  always 
be  placed  in  such  a  position  that  it  is  impossible  for  him 
to  see  the  hand  of  the  surgeon,  or  the  area  which  is 


Fig.  74.— Cutaneous  electrode,    a.  Side  view.    b.  End  view. 

under  observation.  He  should  not  be  allowed  to  move 
the  finger  or  other  part  touched,  for  thereby  the  mus- 
cular sense  comes  to  the  aid,  and  falsifies  observations. 
The  impact  of  the  instrument  used  should  be  very  light, 
for  a  patient  can  frequently  discern  friction  on  an  anaes- 
thetic surface  by  means  of  vibrations  carried  by  the 

tissues  to  surrounding  healthy  nerves  I  have  often 

•  "  Lectures  on  Injuries  of  Nerves,"  Lancet,  June,  1887. 
A.  A.  Bowlby. 
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seen  the  sensory  power  of  a  presumably  anaesthetic  part 
tested  by  rubbing  the  part  with  the  finger  while  the 
patient's  eyes  were  averted,  and  almost  always  with  the 
result  that  the  stimulus  was  correctly  perceived,  and 
that  a  returning  sense  of  touch  was  diagnosed  by  the 
investigator.  Such  a  conclusion  is  entirely  erroneous, 
for  as  Letievant  has  pointed  out,  any  person  can  perceive 
friction  applied  even  to  the  finger  of  another  person,  if 
it  be  held  between  the  bases  of  two  of  his  own  fingers^ 
i.e.,  the  vibrations  are  conveyed  to  and  appreciated  by 
the  nerves  of  the  surrounding  digits.  How  much  more 
must  this  be  so  in  the  case  of  a  divided  median  nerve 
when  healthy  nerves  are  present  on  part  of  the  very 
finger  to  which  the  friction  is  applied.  Friction  should, 
therefore,  never  be  used  as  a  test  of  sensation,  for  the 
same  reason  the  part  which  is  being  examined  should 
never  be  pushed  or  thrust  away  from  the  position  in 
which  it  lies." 

173.  Nerves  of  special  senses  The  auditory  nerve. — 

Of  the  nerves  of  special  sense  there  is  one  which  we 
may  discuss  at  present,  namely,  the  auditory,  because  of 
the  importance  which  the  electrical  treatment  of  tinnitus 
auriim  has  given  to  it.  We  have  already  (§  149)  pointed 
out  that  in  health  it  is  possible  to  obtain  reactions  when 
a  galvanic  current  passes  through  the  auditory  nerve,  and 
that  like  the  motor  nerves,  the  auditory  responds  more 
readily  to  KC  than  to  AC,  and  generally  exhibits  the 
same  electrical  reactions,  the  response  being  the  pro- 
duction of  a  subjective  sensation  of  sound  ;  but  in  cer- 
tain cases  of  tinnitus  the  auditory  nerve  answers  to 
electrical  currents  much  more  readily  than  it  does  in 
health,  being  affected  even  by  a  current  of  the  strength 
of  one  milliampere.  In  these  cases  it  is  supposed  that 
there  is  a  state  of  hypersesthesia  or  of  irritation  in  the 
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nerve,  and  that  the  tinnitus  is  really  the  expression  of 
that  irritable  state.  In  the  simplest  form  of  hyper- 
esthesia the  kathodal  closure  gives  loud  sounds  which 
readily  persist  so  long  as  the  current  is  flowing  (KD) 
but  cease  at  once  with  the  opening  of  the  circuit,  while 
the  anode  (anodal  closure)  diminishes  or  abolishes  the 
sound,  which  does  not  return  during  the  passage  of  the 
current,  and  often  not  for  hours  after  the  current  has 
been  stopped,  provided  that  the  stoppage  be  very 
gradual,  so  as  to  diminish  as  far  as  possible  the  eflfect 
of  anodal  opening. 

In  the  examination  of  the  reactions  of  the  auditory 
nerve  there  are  many  difficulties,  first  in  the  application 
of  the  current  without  producing  fresh  noises  from  acci- 
dental movements  of  the  electrode,  second,  from  the 
tendency  of  the  other  ear  to  respond  and  so  confuse  the 
results. 

To  apply  the  current  to  the  auditory  nerve  it  has 
been  recommended  that  the  patient  should  sit  down 
with  his  head  resting  on  a  table,  in  such  a  way  that  the 
ear  to  be  treated  is  uppermost  ;  the  external  auditory 
meatus  can  then  be  filled  with  water,  and  the  electrode 
introduced  into  it  just  so  far  as  to  dip  into  the  water ; 
the  other  electrode  may  be  applied  to  the  sternum,  to 
the  nape  of  the  neck,  or  may  be  held  in  the  hand,  or  it 
may  be  arranged  underneath  the  other  ear,  the  side  of 
patient's  head  resting  upon  it,  the  current  is  then  gently 
and  gradually  turned  on. 

Of  these  several  positions  of  the  indifferent  electrode 
the  last  is  probably  the  worst,  for  it  is  difficult  to  see 
how  the  effect  of  the  anode  can  be  brought  to  bear  upon 
one  ear  without  at  the  same  time  producing  a  kathodal 
zone  near  the  other  ear  ;  but  wherever  the  negative 
electrode  may  be  placed,  there  is  always  some  likeli- 
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hood,  if  both  ears  are  very  sensitive,  that  the  ear  not 
operated  on  may  give  responses,  coming  as  it  does  within 
a  region  of  virtual  kathode  (§  145)  when  the  anode  is 
apphed  to  the  other  ear,  and  vice  versa,  and  indeed  if  one 
ear  be  much  more  sensitive  than  the  other  the  appHca- 
tion  of  a  current  to  the  less  sensitive  one  may  produce 
sounds  in  the  opposite  ear  only,  and  then  the  normal 
formula  of  the  auditory  nerve  may  appear  to  be  re- 
versed, the  responses  being  produced  by  a  virtual 
kathode  in  the  more  sensitive  ear  when  the  actual 
anode  is  applied  to  the  other,  and  so  on,  a  state  of 
things  very  likely  to  confuse  the  experimenter,  particu- 
larly when  his  patient  is  not  very  intelligent.  This 
reaction  of  the  opposite  ear  has  been  called  the  "  para- 
doxical reaction." 

When  the  external  auditory  meatus  has  been  filled 
with  water,  the  sensation  is  so  uncomfortable  and  the 
external  sounds  are  rendered  so  strange  and  booming, 
that  it  is  a  matter  of  difficulty  to  be  sure  whether  any 
noises  which  may  be  heard  are  produced  by  the  gal- 
vanic current  or  not,  and  the  person  experimented  on 
is  not  at  all  in  a  condition  for  making  accurate  observa- 
tions ;  fortunately  the  auditory  nerve  can  be  stimulated 
in  other  and  simpler  ways,  and  best  of  all  by  a  bifur- 
cated or  divided  electrode,  which  can  be  applied  to 
both  ears  at  once.  At  a  pinch  a  binaural  stethoscope 
answers  very  well,  small  pads  of  moistened  sponge 
being  substituted  for  the  ivory  ear  pieces  ;  these  ends 
may  be  introduced  into  the  meatus,  or  may  be  applied 
just  in  front  of  the  tragus  and  kept  in  place  without 
unnecessary  force  by  an  elastic  band  or  spring. «*    If  a 

Messrs.  Arnold  and  Son  have  made  a  very  convenient  divided 
electrode  for  this  purpose  by  converting  the  framework  of  a  light  bin- 
aural stethoscope. 
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stethoscope  is  used,  the  lower  portion  can  be  removed, 
and  the  tubes  closed  up  by  small  corks,  the  wire  from 
the  battery  is  clamped  to  the  metal,  and  the  other  elec- 
trode may  be  appHed  to  the  sternum  or  back,  or  held 
in  the  hand.  For  experimental  purposes  it  may  be 
placed  in  a  bowl  of  water,  into  which  the  hand  can 
be  dipped.  One  can  then  experiment  comfortably  upon 
oneself,  using  one  hand  to  turn  on  the  current  and  the 
other  to  make  connection  through  the  bowl  of  water  ;  a 
commutator  and  a  galvanometer  should  form  part  of  the 
circuit.  Both  ears  are  then  under  exactly  similar  condi- 
tions of  pole,  and  the  extraneous  noises  from  accidental 
movements  of  the  electrode  in  the  ears  are  reduced  to 


Fig.  73. — Divided  electrode. 

a  minimum.  The  current  can  be  made,  broken,  in- 
creased, diminished  or  reversed  with  ease,  and  the 
effects  noted  and  written  down,  and  in  this  way  alone 
can  one  hope  to  arrive  at  a  satisfactory  knowledge  of 
the  electrical  reactions  of  the  auditory  nerve.  The  ex- 
periments are  not  very  pleasant  because  the  healthy 
nerve  requires  a  considerable  amount  of  current  to 
stimulate  it,  perhaps  as  many  as  12  or  15  cells  (15  milH- 
amperes),  and  its  effects  on  the  optic  nerve,  on  the 
brain,  and  on  the  skin  under  the  electrodes,  all  force 
themselves  into  prominence. 
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Galvanic  hyperaesthesia  of  the  auditory  nerve  is  fre- 
quently met  with  in  all  sorts  of  ear  disease,  but  it  is  not 
present  in  all  cases  of  tinnitus,  or  subjective  noises  ; 
when  tinnitus  and  galvanic  hyperaesthesia  coexist  the 
subjective  noises  are  readily  influenced  and  controlled 
by  galvanism,  and  many  brilliant  cases  of  cure  have 
been  effected.  If  the  tinnitus  does  not  respond  to  gal- 
vanism it  is  much  less  likely  to  be  benefited  by  electri- 
cal treatment  (see  also  Tinnitus,  Chapter  XI.).  The 
opposite  condition  to  electrical  hyperaesthesia,  namely, 
electrical  torpor  of  the  auditory  nerve,  is  also  known. 
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CHAPTER  IX. 
General  Therapeutics. 

Introductory.  Effects  of  electricity.  Choice  of  current,  galvanism 
or  faradism.  Strength  of  current.  Choice  of  pole.  Methods. 
General  faradisation.  Other  faradic  methods.  Galvano-faradi- 
sation.  Galvanisation  of  the  cervical  sympathetic.  Central 
galvanisation.    Self  treatment  by  patients.    Electric  belts. 

174.  Introductory.— The  therapeutic  methods  em- 
ployed with  statical  electricity  have  been  already  con- 
sidered in  the  chapter  dealing  with  statical  apparatus. 
We  have  now  to  consider  the  methods  of  procedure 
with  the  constant  galvanic  current  and  with  the  in- 
terrupted current.  In  either  case  the  treatment  may  be 
general  or  local.  Of  general  methods  the  one  most 
fully  deserving  the  name  is  treatment  by  the  electric 
bath  (galvanic  or  faradic),  which  will  be  fully  dealt  with 

in  the  next  chapter.  . 

In  commencing  the  study  of  electro-therapeutics  the 
first  questions  to  arise  are  the  following  :-(i)  What 
results  are  to  be  expected  from  the  treatment  ?  (2) 
When  should  the  constant  current  be  used,  and  xvlien 
the  interrupted  ?  (3)  What  is  the  proper  strength  o 
current  and  the  proper  duration  of  treatment  ?  (4) 
What  is  to  be  the  direction  of  the  current  and  vdnch 
pole  is  to  be  applied  to  the  affected  part?  (5)  What 
are  the  manipulations  required  ? 

175.  Effects  of  electrical  treatment.-The  effects 
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produced  by  electrical  treatment  may  be  arranged 
thus : — 

(a)  Stimulating  and  tonic  effects  general  and  local;  these 
belong  to  both  galvanism  and  faradism,  but  especially 
to  the  latter,  which  acts  as  a  stimulus,  partly  upon  the 
contractile  tissues,  both  directly  and  through  their  motor 
nerves,  partly  by  its  effect  upon  the  sensory  nerves,  and 
partly  in  a  reflex  manner  through  the  vasomotor  system, 
producing  increased  vascular  activity  in  the  parts  which 
it  reaches.     These  effects  are  to  a  certain  extent  shared 
by  other  modes  of  stimulation,  as  for  instance,  by  mas- 
sage, by  treatment  with  hot  and  cold  douches  followed 
by  friction  with  rough  towels,  and  so  forth ;  but  electricity 
has  certain  advantages  over  these  other  modes  of  stimu- 
lation, especially  in  paralytic  affections,  from  its  greater 
power  of  setting  up  muscular  contractions,  and  from  the 
ease  with  which  it  can  be  directed  to  any  required  parts. 

The  effects  which  peripheral  stimulation  exerts  upon 
the  central  organs  play  an  important  part  in  electrical 
treatment,  and  afford  the  best  explanation  of  the  benefits 
which  follow  even  in  cases  where  the  treatment  has 
been  applied  to  the  peripheral  parts  only 

The  stimulating  effect  of  electrical  treatment  is  per- 
haps nowhere  better  shown  than  in  its  immediate  action 
m  hysterical  affections,  for  a  single  application  of  the 
faradic  current  to  the  throat  for  a  few  minutes  will  often 

r^'"''^  hysterical  para- 

plegia the  anesthesia  and  motor  paralysis  will  frequently 
vani  h  altogether  in  the  course  of  the  first  sitting  ^ 
JbJ  Electrotomc  efects.-These  have  been  already  con-  , 

atlta\^  ''I  physiological  effects 'hi 

described  have  been  made  the  basis  of  much  of  the 
treatment  by  the  continuous  current.  With  the  alter! 
natmg  currents  of  the  induction  coil  electrotonic  states 
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cannot  be  expected,  but  with  constant  currents  the 
phenomena  of  electrotonus  should  be  kept  steadily  be- 
fore our  minds  in  treatment,  for  they  show  us  when  the 
exciting  action  of  the  exalted  irritability  of  kathelectro- 
tonus  is  to  be  brought  to  bear  upon  a  patient,  as  in 
paralyses  ;  and  when  the  calming  effects  of  the  di- 
minished irritability  of  anelectrotonus  are  more  desirable, 
as  in  the  relief  of  painful  affections. 

It  has  been  objected  that  the  theory  of  electrotonus 
as  applied  to  treatment  is  deceptive,  owing  to  the  im- 
possibility of  securing  the  effects  of  one  pole,  uncom- 
phcated  by  those  of  the  other  (see  §  145),  and  that 
electrotonus  is  only  a  temporary  condition  which  dis- 
appears as  soon  as  the  circuit  has  been  broken,  but  in 
spite  of  these  objections  we  are  compelled  very  often  in 
default  of  any  better  guidance  to  follow  the  indications 
which  are  afforded  by  electrotonus.  While  admitting 
the  theoretical  truth  of  the  first  objection,  we  may  say 
that  the  predominating  effect  at  the  point  of  apphcation 
is  that  of  the  pole  chosen,  for  instance,  in  the  case  illus- 
trated (fig.  69)  the  virtual  kathodes  are  far  weaker  than 

the  actual  anode. 

(c)  Electrolytic  effects. —These,  which  are  manifest  chiefly 
at  the  surfaces  in  contact  with  the  electrodes,  are  of  use 
for  the  most  part  in  the  surgical  departments  of  electrical 
treatment,  and  will  be  more  fully  considered  in  a  chapter 
of  their  own.  We  are  not  yet  able  to  say  how  far  the 
trophic  results  of  electrical  treatment  may  depend  upon 
the  molecular  interchanges  set  up  or  directed  by  galvanic 
currents,  for  we  do  not  even  know  whether  the  inter- 
changes are  of  no  consequence  or  are  of  extreme  im- 
portance. 

(d)  Trophic,  Catalytic  or  Alterative  effects.— Erb  has  sug- 
gested the  hypothesis  that  a  stimulation  of  trophic  nerves 
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or  of  centres  may  be  possible  by  the  aid  of  electricity, 
saying.  "  It  is  probable  that  every  nerve  contains  trophic 
fibres  and  is  placed  under  the  influence  of  trophic  centres, 
upon  which  the  electric  stimulus  may  act,  and  so  modify 
the  nutrition  of  nerves,  muscles  and  other  organs,  has- 
tening regeneration  and  removing  the  more  subtle 
nutritive  disturbances."  "We  may  assume  that  gym- 
nastic and  other  methodical  exercises  influence  the 
muscles  by  an  excitation  of  the  nutritive  processes  due 
to  the  calling  into  play  of  the  trophic  nerves  under  the 
stimulus  of  motor  activity.  Is  it  not  possible  in  the 
same  way  to  account  for  many  of  the  curative  results 
of  electrisation  by  assuming  a  stimulation  of  the  trophic 
processes." 

(e)  Osmotic  effects. — (See  §§  153,  199). 

175.  Choice  of  galvanism  or  faradism. — Some 
indications  for  the  choice  of  current  will  have  been 
learnt  from  the  last  section  ;  generally  speaking  it  may 
be  said  that  for  stimulation  pure  and  simple  faradism 
is  the  best ;  faradism  is  of  great  value  in  paralysis  of 
muscles  if  they  are  able  to  react  to  it,  but  if  they  pre- 
sent the  reaction  of  degeneration  then  the  constant 
current  is  the  better.  Fashion  has  much  to  do  with 
determining  the  choice  between  the  two  modes  of 
treatment. 

Duchenne  was  a  firm  believer  in  the  superiority  of  faradic 
treatment  for  all  kinds  of  paralytic  conditions,  and  Remak 
was  as  warm  a  supporter  of  the  constant  current.  The 
former  writer  declared  that  he  had  met  with  far  better 
results  from  faradism  than  galvanism.  The  latter  was 
as  confident  of  the  superiority  of  his  method. 

Whatever  benefits  may  be  produced  by  electrolytic 
or  electrotonic  effects  must  be  possessed  by  galvanism 
alone ;  the  advantages  of  excitation,  of  trophic  or  cata- 
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lytic  effects,  may  be  shared  by  both.  At  present  the 
continuous  current  is  most  in  favour,  and,  perhaps, 
rightly  so,  but  until  the  rational  treatment  by  electricity 
shall  have  overtaken  the  empirical,  it  is  not  always 
possible  to  give  any  better  reasons  for  the  preference, 
than  that  such  and  such  a  method  has  already  shown 
itself  to  be  useful. 

177.   Strength   of  current, — In   determining  the 
strength  of  current  it  is  necessary  to  remember  that 
but  little  benefit  is  likely  to  follow  torture,  and  that  no 
needless  pain  should   be   inflicted  upon  the  patient. 
With  faradism  the  operator  must  gauge  the  strength 
of  his  current  upon  himself  first,  and  must  repeat  the 
test  with  every  increase  in  its  strength ;    a  strict  ad- 
herence to  this  rule  is  the  best  plan  by  far  of  ensuring 
the  proper  amount  of  caution.    Patients  as  a  rule  are 
extremely  intolerant  of  painful  shocks,  and  it  must  be 
remembered  that  the  very  name  of  electricity  is  enough 
to  make  many  patients  at  least   a  little  anxious  or 
alarmed  on  their  first  trial  of  the  remedy  ;  the  strange 
look  of  the  apparatus,  with  its  gleaming  knobs,  the 
clicking  or  humming  noises  which  it  gives  out,  and 
above  all  the  mysterious  nature  of  electricity,  combine 
to  make  every  patient  feel  nervous,  and  the  operator, 
himself  quite  familiar  with  his  apparatus,  is  very  likely 
to  forget  this.    It  is  therefore  wise  for  him  always  to 
assume  an  attitude  of  great  carefulness  in  the  manage- 
ment of  his  instruments,  that  he  may  not  appear  to  his 
patient  to  be  reckless  in  handling  them. 

With  constant  currents  the  galvanometer  provides 
the  means  of  regulating  the  dosage.  For  most  forms  of 
local  treatment  five  milHamperes  is  sufficient,  and  may 
be  too  much  for  children  or  sensitive  or  nervous  people, 
at  the  commencement  of  a  course  of  treatment ;  even 
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this  current  must  never  be  switched  on  or  off  abruptly, 
but  only  very  gradually,  the  patient  being  carefully 
watched  for  any  signs  of  pain  or  discomfort,  the  current 
collector  (§  125)  must  be  properly  made  and  tested 
from  time  to  time  to  see  that  it  allows  of  alterations  in 
the  number  of  cells  without  any  breaks  of  circuit ;  when 
the  applications  are  made  to  any  part  of  the  head  or 
neck,  additional  care  must  be  exercised,  the  effect  upon 
the  brain  being  very  peculiar  and  unpleasant,  especially 
at  make  and  break.  The  only  occasions  when  larger 
currents  are  required  are  in  electrolysis  of  nasvi,  when  a 
current  up  to  100  milliamperes  is  sometimes  required, 
and  in  Dr.  Inglis  Parsons''  method  of  treating  malignant 
tumours,  in  both  of  which  an  anaesthetic  must  be  used, 
and  in  Apostoli's  treatment.  In  the  latter  no  anaesthetic 
is  used,  although  the  current  may  exceed  100  milli- 
amperes. Toleration  of  so  large  a  current  is  rendered 
possible  by  the  use  of  a  very  large  electrode  for  the 
cutaneous  surface  to  reduce  the  density  of  the  current 
per  -unit  of  surface,  and  by  the  insensitiveness  of  the 
the  uterus  to  which  the  other  pole  is  applied. 

The  duration  of  each  sitting  may  be  on  an  average 
ten  minutes,  but  here  again  the  patient's  feelings  must 
be  taken  into  account,  and  the  time  shortened  or 
lengthened  as  may  seem  advisable  in  each  particular 
case. 

The  number  of  sittings  varies  very  much,  usually  a 
considerable  number  are  required.  It  is  best  to  tell  the 
patient  at  the  commencement  that  he  must  not  expect 
magical  and  sudden  cures,  but  rather  a  gradual  slow 
improvement.  In  some  cases  of  infantile  paralysis  it 
may  be  necessary  to  continue  treatment  for  three,  six  or 
even  twelve  months.  As  a  general  rule  it  may  be  said 
that  at  least  a  month  of  treatment,  with  two  or  three 
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sittings  a  week,  is  required  to  produce  permanent  benefit, 
but  of  course  there  are  exceptions,  and  it  is  not  possible 
to  lay  down  any  precise  rules.  It  is  usual  for  improve- 
ment to  begin  early  if  the  treatment  is  likely  to  do  good. 
In  that  case  the  patient  will  be  encouraged  to  persevere. 
If  at  the  end  of  a  month  of  regular  treatment  there  is  no 
visible  change,  or  if  the  improvement  has  ceased  to  be 
progressive,  then  the  treatment  may  be  discontinued. 

178.  The  choice  of  pole.— With  faradic  alternate 
currents  the  influence  of  pole  is  reduced  to  a  minimum, 
and  the  two  electrodes  may  be  considered  to  be  of  equal 
value  ;  with  continuous  currents  there  are  well  marked 
differences  in  the  effects  produced.  From  electrolysis 
the  region  of  the  anode  or  positive  pole  becomes  acid, 
and  in  the  treatment  of  naevi  the  needles  which  are 
negative  become  surrounded  by  a  soft  slippery  material, 
alkaline  in  reaction,  and  they  are  likely  to  shp  out  and 
so  break  the  circuit,  unless  carefully  watched ;  when  a 
stricture  of  the  urethra  is  to  be  electrolysed  the  negative 
pole  is  the  one  to  be  introduced ;  accidents  have  followed 
neglect  of  this  precaution  ;  the  positive  pole  has  been 
used  and  has  become  firmly  adherent  to  the  stricture, 
and  laceration  and  bleeding  have  followed  its  forcible 
withdrawal. 

The  sedative  effect  of  the  anode  (§  142)  determines 
its  use  in  neuralgia,  sciatica,  spasm  and  tinnitus  aurium, 
while  the  stimulating  effect  of  the  kathode  and  the 
greater  ease  with  which  it  causes  muscular  contraction 
have  determined  the  use  of  the  negative  pole  in  para- 
lysis. It  is  not  possible  to  generahse  further  about  the 
choice  of  pole,  but  instructions  will  be  found  in  the 
chapters  on  treatment. 

A  simple  rule  has  been  laid  down  for  the  direction  of 
the  flow  of  current  in  medical  practice  by  Remak,  who 
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advises  that  the  current  should  pass  along  the  nerve 
fibres  in  the  direction  in  which  they  conduct,  namely, 
downwards  to  the  periphery  for  treatment  of  motor 
affections,  and  upwards  from  the  periphery  for  sensory 
affections. 

Brenner  prefers  to  consider  that  the  direction  of  the 
current  is  of  less  importance  than  the  influence  of  the 
poles  ;   and  we  should  therefore  speak  of  the  choice  of 
pole  rather  than  the  choice  of  the  direction  of  the  cur- 
rent, because  the  current  does  not  run  in  straight  lines 
from  anode  to  kathode ;  however,  the  distinction  between 
direction  of  flow  and  choice  of  pole  is  after  all  a  subtle 
one.     To  apply  the  kathode  to  the  paralysed  thumb 
muscles,  the  anode  being  at  the  nape  of  the  neck,  may 
reasonably  be  spoken  of  either  as  treatment  by  a  de- 
scending current  or  as  treatment  by  the  negative  pole. 
Those  who  object  to  speak  of  the  influence  of  direction 
of  current  base  their  objections  on  the  fact  represented 
in  fig.  69,  that  round  a  pole  applied  to  any  part  of  the 
surface  of  the  body  the  flow  of  current  is  not  in  one  but 
in  every  direction,  and  therefore  there  can  be  no  definite 
direction  of  the  flow  in  the  muscle  under  treatment,  the 
effects  being  effects  of  pole  and  not  effects  of  direction 
of  current.     However,  with  the  indifferent  electrode 
central,  and  the  active  one  peripheral,  it  is  permissible 
to  speak  of  treatment  with  descending  currents  when 
the  active  electrode  is  the  kathode,  and  of  ascending 
currents  when  it  is  the  anode ;  the  words  ascending  and 
descending  having  reference  to  the  general  direction 
from  anode  to  kathode,  and  not  implying  any  theory  of 
the  physiological  or  therapeutical  importance  of  the 
direction  of  the  flow  at  the  seat  of  disease. 

179.  Methods. — Most  electrical  treatment  is  now 
carried  out  by  using  a  single  active  electrode,  and  an 
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indifferent  electrode.  The  size  of  the  indifferent  elec- 
trode is  determined  by  the  current  to  be  used ;  the 
ordinary  size  of  the  tin  plate  electrode  (fig.  56)  is 
4^  inches  by  2^ ;  but  for  treating  naevi  by  the  unipolar 
method  it  must  have  three  or  four  times  that  surface. 
The  active  electrode  may  be  three,  four,  or  five  centi- 
metres in  diameter  according  to  the  extent  of  surface 
to  be  included  in  the  treatment ;  the  electrodes  must  be 
moistened,  best  with  warm  water,  the  indifferent  one  in 
its  sheath  is  then  pushed  down  the  back  of  the  neck  for 
patients  who  are  dressed  and  sitting  up,  or  it  is  placed 
under  the  sacrum  or  buttocks  for  patients  lying  down. 
The  part  to  be  treated  is  then  bathed  with  warm  water, 
and  the  active  electrode  applied,  and  the  current  slowly 
raised  to  three,  four,  or  five  milliamperes.  The  active 
electrode  is  to  be  moved  slowly  over  the  whole  of  the 
affected  part  {labile  method)  or  kept  still  in  one  place 
(stabile  method).  The  current  may  be  closed  and 
opened  for  the  sake  of  producing  muscular  contractions, 
or  may  be  even  reversed  by  means  of  a  commutator,  for 
the  same  purpose.  These  reversals,  "  voltaic  alterna- 
tives" (alternatives  voltianes),  are  especially  powerful  in 
exciting  muscular  contraction. 

It  is  often  advisable  with  faradism,  seeing  that  there 
is  then  no  question  of  choice  of  pole,  to  have  the  in- 
different electrode  also  in  the  neighbourhood  of  the  part 
under  treatment ;  by  doing  this  the  sensations  produced 
can  be  limited  to  the  parts  affected,  and  they  will  ap- 
pear to  the  patient  more  tolerable  than  when  a  faradi- 
zation of  the  muscles  of  a  limb  is  attended  by  pain  or 
discomfort  in  a  remote  and  healthy  part  of  the  body  as 
well. 

In  treating  the  muscles  of  the  hand  for  instance,  it  is 
often  quite  convenient  to  lay  the  indifferent  electrode 
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under  the  palm  while  the  dorsum  is  being  treated,  and 
vice  versa. 

180.  General  faradization. — We  can  now  consider 
the  methods  of  general  treatment.  The  old  plan  of  fara- 
dizing  patients  by  means  of  metallic  electrodes  held  in 
the  two  hands  may  be  regarded  as  a  rude  attempt, 
at  general  faradism.  Drs.  Beard  and  Rockwell  have 
elaborated  a  method  of  general  faradization,  the  ad- 
vantages of  which  they  claim  to  have  been  the  first  to 
bring  before  the  notice  of  the  medical  profession. 

The  object  aimed  at  is  "  to  bring  every  portion  of  the 
body  in  turn  under  the  influence  of  the  faradic  treat- 
ment so  far  as  is  possible  by  external  applications." 

They  consider  that  this  is  best  accomplished  by 
placing  one  pole  under  the  feet  or  over  the  sacrum, 
while  the  other  is  moved  over  the  general  body  surface. 
The  patient  should  stand  or  sit  with  both  feet  resting 
on  the  surface  of  a  large  metal  electrode  covered  with 
moist  flannel ;  this  must  be  kept  warm  by  means  of  a 
hot  water  bottle  or  some  other  contrivance,  as  the  treat- 
ment lasts  for  from  ten  to  twenty  minutes.  The  other, 
active,  electrode  is  then  to  be  moved  over  the  various 
parts  of  the  body,  two  or  three  minutes  being  given  to 
each  of  the  more  important  regions  in  order  as  follows. 


To  the  head  (forehead  and  vertex) 
neck  and  cervical  spine 
back 

abdomen  ... 
arms 
legs 


I  mmute. 

4 

3 

3 
2 

2 


The  appUcation  to  the  limbs  is  less  important,  and 
may  be  omitted  in  certain  cases. 

The  active  electrode  should  consist  of  a  metal  disc  or 
ball  covered  over  by  a  large  sponge  of  six  inches  in 
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diameter,  and  kept  moist  with  hot  water.  The  object 
of  using  electrodes  of  large  size  is  that  by  their  means 
the  current  is  rendered  less  painful,  and  consequently 
the  patient  can  bear  stronger  applications ;  the  use  of 
the  operator's  hand  as  the  active  electrode*  is  also 
recommended  by  Dr.  Beard  for  the  following  reasons, 
viz.,  in  certain  cases  it  is  more  agreeable  to  the  patient 
from  its  softness  and  pliability ;  and  its  tactile  sensi- 
bility makes  it  easy  for  the  operator  to  gauge  both  the 
amount  of  pressure  he  is  employing,  and  also  the  force 
of  the  current  used.  When  one  hand  is  to  be  used  as 
the  active  electrode  the  operator  should  put  himself  in 
the  circuit  by  holding  the  wet  sponge  in  his  other  hand, 
the  current  then  passes  through  his  own  body  from  hand 
to  hand.  He  can  thus  readily  vary  the  force  of  the  cur- 
rent by  altering  the  degree  of  pressure  with  which  he 
holds  the  sponge,  for  when  it  is  firmly  grasped  the 
current  passes  more  readily  and  is  increased,  and  when 
the  grasp  is  relaxed  the  current  is  diminished  ;  no  bad 
results  follow  to  the  operator,  on  the  contrary  he  shares 
with  his  patient  the  benefits  of  the  treatment,  and  con- 
siderable development  of  the  muscles  of  the  arms  is  sai 
to  follow. 

The  patient  may  be  seated  while  the  upper  part  of 
the  body  is  under  treatment,  but  should  stand  up  if 
possible  for  the  application  to  the  hips  and  thighs.  A 
loose  garment  like  a  shirt  or  night-gown  can  be  worn,  or 
a  large  shawl  or  blanket  may  be  thrown  round  the  pati- 
ent. The  electrode  can  then  easily  be  manipulated  and 
moved  over  the  surface  of  the  body  without  exposure. 

In  the  region  of  the  head  the  forehead  and  the  vertex 
are  the  most  important ;  if  the  hair  is  at  all  long  or 

This  mode  of  application  is  spoken  of  as  the  "  electric  hand,"  or 
the  "  hand  electrode."    It  was  employed  by  Duchcnne. 
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thick  it  may  be  moistened,  to  diminish  its  resistance. 
The  treatment  of  the  back  of  the  neck  and  the  whole 
region  of  the  spine  is  considered  to  be  extremely  impor- 
tant and  should  be  thoroughly  carried  out,  the  electrode 
being  slowly  moved  up  and  down  along  the  whole 
length  of  the  back. 

The  sensations  felt  by  the  patient  should  be  of  an 
agreeable  nature,  a  pleasant  thrill,  without  any  sort  of 
pain  or  discomfort.  The  operator  must  bear  in  mind 
that  the  sensibility  of  the  surface  varies  in  different 
parts  of  the  body  and  he  must  adapt  the  force  of  the 
current  to  suit  such  variations,  using  the  hand  by  pre- 
ference for  treating  those  parts  which  are  most  sensitive. 

The  results  of  the  treatment  by  general  faradization 
are  mainly  tonic  in  their  nature,  a  feeling  of  vigour 
follows,  depression  or  fatigue  are  relieved,  the  appetite 
is  increased,  the  patient  sleeps  more  soundly,  there  is  an 
increase  in  the  firmness  of  the  muscles,  and  an  improve- 
ment in  the  circulation.  In  some  patients  these  results 
follow  promptly,  in  others  their  development  is  more 
gradual ;  the  same  variability  in  the  response  of  patients 
to  other  forms  of  electrical  treatment  has  been  observed 
by  others.*' 

The  treatment  by  general  faradization  should  be 
carried  out  two  or  three  times  a  week,  or  every  other 
day.  Currents  sufficiently  strong  to  cause  muscular 
contraction  should  be  employed,  as  soon  as  the  patient 
has  become  accustomed  to  the  treatment  and  is  able  to 
bear  them  without  apprehension.! 

*  "  There  are  some  people  in  whom  the  electrical  current  is  powe- 
ful  for  good  or  for  evil,  while  others  again  are  but  little  affected  by 
it:'— Erb. 

f  For  a  full  account  of  general  faradization,  with  figures,  the 
reader  should  consult  "  Medical  and  Surgical  Uses  of  Electricity."— 
Beard  and  Rockwell.    H.  K.  Lewis. 
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181.  Other  faradic  methods.— But  little  can  be 
said  on  the  subject  of  the  kind  of  coil  best  suited  for 
medical  treatment  ;  we  have  already  (§  120)  briefly  al- 
luded to  the  differences  between  primary  and  secondary 
induced  currents  ;  and  differences  of  degree  also  exist 
in  secondary  coils  of  different  make,  according  to  the 
number  of  turns  and  the  thickness  of  the  secondary 
wire.  After  carefully  comparing  the  effects  produced 
by  two  secondary  coils,  one  of  many  turns  of  thin  wire, 
and  the  other  of  few  turns  of  thicker  wire,  both  being 
alternately  placed  round  the  same  primary  coil,  we  are 
not  able  to  perceive  any  difference  in  the  sensory  effects 
of  the  two  coils  with  currents  just  strong  enough  to 
cause  muscular  contraction,  while  with  stronger  currents 
both  coils  seem  to  yield  equally  painful  shocks. 

There  is  also  no  appreciable  difference  between  the 
two  poles  of  a  medical  induction  coil.  It  is  true  that 
with  large  Ruhmkorff  coils  the  character  of  the  spark 
differs  at  the  two  terminals  of  the  secondary  wire,  but 
in  those  powerful  coils  the  difference  between  the  make 
and  break  currents  is  accentuated  by  the  presence  of  a 
condenser  in  such  a  way  that  the  spark  consists  almost 
entirely  of  a  series  of  breaking  currents  passing  in  one 
direction.  As  there  is  no  condenser  to  ordinary  medical 
coils,  and  no  air  gap  is  present  in  its  application  to  the 
human  body,  the  shocks  of  an  induction  apparatus  are 
best  regarded  as  an  alternate  passage  of  currents  in  both 
directions,  those  in  one  direction  being  rather  more 
sudden  and  of  rather  higher  electromotive  force  than 
are  those  in  the  other. 

In  considering  the  question  of  the  influence  of  the 
poles  in  galvanic  treatment,  it  will  be  found  that  our 
stock  of  knowledge  of  the  subject  is  at  best  only  a  very 
slender  one,  certainly  it  is  not  enough  to  justify  any 
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confident  statements  upon  the  relative  values  of  the 
poles  of  a  secondary  circuit. 

When  sensory  impressions  are  chiefly  desired,  the 
dry  skin  is  faradised  with  a  metallic  brush  of  very  fine 
wires,  and  the  current  employed  must  be  more  powerful 
than  for  muscular  stimulation,  here  again  the  difference 
between  short  and  long  coils  is  inappreciable,  the  re- 
quired cutaneous  effects  can  be  produced  as  well  with 
a  short  thick  secondary  coil  as  with  a  long  one  of  thin 
wire. 

The  faradic  current  is  to  be  employed  where  tonic  or 
stimulating  effects  are  chiefly  desired,  and  with  this 
object  it  is  valuable  in  the  treatment  of  paralysis,  of 
anaesthesia,  or  in  conditions  where  the  involuntary 
muscles  require  to  be  roused  ;  thus  the  abdomen  and 
the  rectum  may  be  faradised  for  constipation,  and  the 
bladder  or  the  uterus  for  atonic  conditions. 

In  the  treatment  of  paralysed  or  wasted  muscles 
faradism  has  been  employed  systematically  since  the 
time  of  Duchenne,  and  even  before  his  time  it  had  gained 
a  considerable  degree  of  populai'ity.  The  paralysed 
muscles  can  be  faradised  directly  by  the  application  of 
the  active  electrode  over  their  surfaces  or  indirectly  by 
its  apphcation  to  their  motor  nerves;  in  either  way 
similar  results  are  obtained. 

Reference  to  the  chapter  on  diagnosis  explains  the 
methods  of  exciting  the  individual  muscles  and  nerve 
trunks,  and  the  treatment  consists  simply  in  moving  the 
wet  surface  of  the  electrode  slowly  over  the  moistened  skin 
covermg  the  muscles  with  a  sliding  and  a  rolling  move- 
ment. This  sliding  movement  is  a  guide  to  the  proper 
degree  of  moisture  necessary.  If  either  the  skin  or  the 
surface  of  the  electrode  be  too  dry  the  latter  will  not 
shp  smoothly,  but  will  seem  to  stick,  or  move  harshly 
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When  this  is  felt  the  electrode  must  be  moistened  afresh. 

It  must  not  be  assumed  that  the  degree  of  benefit 
from  faradism  can  be  measured  by  the  amount  of  visible 
contraction  of  the  muscles  under  treatment,  for  in  ad- 
dition to  the  exercise  so  produced  there  are  vaso-motor 
effects,  and  reflex  effects  through  the  centres  in  the 
cord,  both  of  which  take  part  in  bringing  about  the 
final  results. 

The  duration  of  each  application  in  local  faradism 
should  be  about  ten  minutes,  and  this  time  must  be 
distributed  over  the  muscles  or  other  parts  needing 
treatment.  When  the  dry  brush  and  painful  currents 
are  employed,  five  minutes  will  usually  be  quite  long 
enough,  and  the  patient  must  on  no  account  be  reduced 
to  a  state  of  exhaustion  from  over-treatment.  The 
operator  should  always  try  the  current  by  experiment 
on  his  own  muscles,  in  order  to  know  exactly  what 
amount  of  discomfort  or  pain  his  patient  is  called  upon 
to  bear. 

182.  Galvano-faradization.— Dr.  De  WatUville  has 
recommended  the  simultaneous  use  of  the  continuous 
and  the  interrupted  currents  under  the  above  name. 
The  method  consists  in  "  uniting  the  secondary  induc- 
tion coil  and  the  galvanic  battery  in  one  circuit  by 
connecting  with  a  wire  the  negative  pole  of  the  one  with 
the  positive  of  the  other,  attaching  the  electrodes  to  the 
two  extreme  poles  and  sending  both  currents  together 
through  the  body,"  we  are  told  that  "the  effects  of  the 
faradk  current  are  greatly  enhanced  by  a  simultaneous 
galvanization,  because  the  points  upon  which  the  stimu- 
lus falls  are  in  a  state  of  exalted  excitability  or  kath- 
electrotonus.  Owing  to  the  "  refreshing  "  properties  of 
the  galvanic  current  upon  muscle,  the  fatigue  and  ex- 
haustion which  might  otherwise  be  the  consequence  of 
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energetic  faradization  are  avoided."  Dr.  De  WaUeville 
has  a  very  high  opinion  of  the  advantage  of  this  mode 
of  treatment,  particularly  for  electrization  of  the  ab- 
dominal viscera,  and  in  rheumatic  conditions,  and  in 
atrophic  paralyses. 

The  strength  of  each  component  may  be  about  the 
same  as  when  either  is  being  used  alone. 

183.  G-alvanization  of  the  cervical  sympathetic. 
— A  good  deal  has  been  written  of  this  proceeding,  but 
as  Df.  De  WaUeville  has  pointed  out  in  an  entertaining 
and  caustic  article  in  "Brain,"*  it  is  extremely  doubtful 
whether  the  cervical  sympathetic  has  ever  been  appre 
ciably  influenced  by  electrical  treatment.    At  least  none 
of  the  ordinary  physiological  effects  of  stimulation  of  the 
sympathetic  are  produced  on  the  pupil  or  the  blood  ves- 
sels of  the  head  and  neck  ;  the  treatment  is  carried  out 
by  placing  one  electrode  below  the  ear  and  the  other  at 
the  nape  of  the  neck  and  passing  a  weak  current.  All 
sorts  of  advantages  have  been  claimed  for  this  method, 
which  has  become  an  established  part  of  the  routine 
treatment  of  many  morbid  states  of  the  central  nervous 
system,  so  that  in  ErVs  opinion  it  should  be  carried  out 
"  in  every  case  where  it  is  hoped  to  act  on  the  circula- 
tion and  nutrition  of  certain  parts  of  the  brain."  Dr. 
Moritz  Meyer's  plan  is  to  place  a  medium  sized  electrode 
at  the  angle  of  the  jaw,  with  its  surface  directed  back- 
wards and  upwards  towards  the  vertebral  column.  The 
other  pole  should  be  larger,  and  appKed  to  the  opposite 
side  of  the  back  of  the  neck,  on  a  level  with  the  fifth, 
sixth  or  seventh  cervical  vertebra.     The  kathode  is 
usually  placed  in  front,  but  not  always  ;  the  current 
should  be  two  to  five  milHamperes,  and  the  duration 

*  An  electrotherapeutical  superstition.    "  Brain,"  iv.,  1881,  p  207 
A.  Be  WaUeville.  ^ 
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one  to  three  minutes,  the  appUcation  stabile.  In  certain 
cases  both  sides  may  be  treated  successively.  As  this 
treatment  must  involve  all  the  other  important  nervous 
parts  of  the  neck  and  the  base  of  the  skull,  as  well  as 
the  cervical  sympathetic,  it  would  be  better  to  adopt 
Dr.  De  WaUeviUe's  suggestion,  and  speak  of  suhaural 
galvanization,  rather  than  of  galvanization  of  the  sym- 
pathetic. 

184.  Central  galvanization. — This  is  a  plan  of 
applying  electrical  currents  to  the  nerve  centres,  also 
introduced  by  Drs.  Beard  and  Rockwell.  It.  consists  "  in 
placing  the  negative  pole  at  the  epigastrium,  while  the 
positive  pole  is  applied  to  certain  parts  of  the  head  (chiefly 
the  vertex),  to  the  sympathetic  and  pneumogastric  in 
the  neck,  and  down  the  whole  length  of  the  spine  from 
the  first  to  the  last  vertebra."  It  is  said  to  be  useful  in 
cases  of  hysteria,  neurasthenia,  sleeplessness,  dyspepsia, 
and  other  complaints.  The  duration  of  the  treatment 
may  be  about  ten  minutes,  the  position  of  the  negative 
pole  must  be  changed  from  time  to  tune,  to  prevent  any 
bad  electrolytic  effects  upon  the  surface  of  the  skin  be- 
neath it.  The  strength  of  current  should  be  varied 
between  five  and  ten  milliamperes,  according  to  the 
part  under  treatment. 

For  the  application  of  continuous  currents  to  the 
skull  three  methods  have  been  proposed,  the  longi- 
tudinal, the  transverse  and  the  oblique.  In  the  first 
the  electrodes  are  applied  to  the  forehead  and  occiput, 
in  the  second  they  are  placed  either  on  the  two  sides  of 
the  frontal  bone,  or  on  the  mastoid  processes,  in  the  last 
they  are  appHed  to  the  forehead  on  one  side  and  the 
nape  of  the  neck.  The  third  method  is  considered 
specially  useful,  because  the  current  then  follows  the 
direction  of  the  motor  fibres  from  the  cortex  to  the 
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anterior  pyramids  of  the  medulla.  The  anode  is  usually 
placed  in  front.  In  all  three  methods  it  is  recommended 
to  use  large  electrodes  and  weak  currents  very  gradually 
increased,  and  the  duration  of  a  sitting  should  not  ex- 
ceed five  minutes. 

185.  Self-treatment  by  patients  It  is  a  matter  of 

the  greatest  importance  that  all  electrical  treatment 
should  be  carried  out  by  the  medical  man  himself 
vv^henever  this  is  possible,  and  if  it  is  not  possible  for 
him  to  do  so  then  at  least  he  should  supervise  the  treat- 
ment as  often  as  he  can.    When  patients  are  left  to 
themselves  with  a  battery  the  results  are  uniformly 
unsatisfactory,  and  the  usual  consequence  is  solely  to 
bring  electrical  treatment  into  undeserved  discredit.  It 
would  be  very  nearly  as  reasonable  for  a  patient  to 
attempt  to  act  as  his  own  dentist  as  for  him  to  try  to 
cure  himself  by  means  of  a  battery  without  full  medical 
advice  and  constant  supervision.    Only  those  who  use 
batteries  regularly  are  able  to  deal  with  the  difficulties 
of  making  them  work  properly,  and  it  is  therefore  ab- 
surd to  place  one  in  the  hands  of  a  patient  who  cannot 
even  know  whether  it  be  working  properly  or  not. 

186.  Electric  belts.— It  is  necessary  to  say  a  few 
words  on  the  subject  of  the  so-called  electric  belts 
These  thmgs  occupy  a  prominent  position  in  the 
"jugglery  of  advertising  quacks,"  and  medical  men 
are  frequently  called  on  by  their  patients  to  giVe  some 
advice  or  opinion  about  them.  For  the  most  part  they 
consist  of  pieces  of  zinc  and  copper  more  or  less  fan- 
tastically joined  together,  and  sewn  into  a  leather  belt  • 
here  and  there  the  pieces  of  metal  project  so  that  the^ 
can  come  into  contact  with  the  body  surface 

It  is  quite  possible  that  minute  currents  may  be  set 
up  by  the  moisture  of  the  skin  acting  upon  the  metal 
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pieces  of  the  belt ;  evidence  that  this  is  so  is  indeed 
afforded  by  the   fact   that    soreness  and  ulceration 
is  sometimes  produced  at  the  points  where  the  bare 
metal  touches  the  skin,  but  it  is  difficult  to  see  what 
possible  good  result  can  follow  so  far  as  the  wearer's 
general  health  is  concerned.     From  what  we  have 
already  said  of  the  uselessness  of   patients  treating 
themselves  at  all  by  electricity  it  follows  a  fortiori  that 
the  indiscriminate  buying  and  wearing  of  electric  belts 
is  a  futile  proceeding,  even  supposing  (which  is  not 
often  the  case)  that  they  are  designed  in  a  proper 
manner  to  yield  a  current.    At  the  present  time  the 
number  of  persons  who  wish  to  buy  or  have  bought  an 
electric  belt  is  considerable,  and  on  this  account  it  is 
important  for  medical  practitioners  to  have  some  know- 
ledge of  their  plan  of  construction  and  properties  in 
order  to  be  able  to  make  use  of  reasonable  arguments  in 
pointing  out  their  real  worthlessness.  The  small  minority 
of  patients  who  profess  themselves  cured  by  the  wearing 
of  electric  belts  are  people  of  that  class  in  which  the 
effect  of  the  imagination,  or  the  influence  of  what  is 
now-a-days  known  as  self-suggestion  is  most  active ;  for 
them  the  name  of  electricity  has  always  had  and  will 
continue  to  have  miraculous  powers,  to  the  neglect  of 
reason  and  common  sense. 
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CHAPTER  X. 

The  Electric  Bath.''' 

The  bath.  Accessory  apparatus.  The  galvanic  bath.  The  faradic 
bath.  The  galvano-faradic  bath.  Hot  air  or  vapour  electric  bath. 
Uses  in  chronic  rheumatoid  arthritis.  Gonorrhoea!  rheumatism. 
Gout.  Lateral  sclerosis.  Metallic  poisoning.  Tremors.  The 
introduction  of  medicinal  Rubstances  into  the  body.  Raynaud's 
disease.    Sciatica  and  lumbago.    General  conclusions. 

187.  The  bath. — The  electric  bath  is  used  in  the 
treatment  of  morbid  conditions  which  affect  the  whole 
constitution,  and  especially  in  some  of  those  which  have 
their  origin  in  the  central  nervous  system.    It  is  the 
most  thorough  way  of  applying  general  faradization  or 
general  galvanization.    It  is  rather  an  extravagant  and 
wasteful  way  of  applying  the  continuous  current  except 
in  such  conditions  as  those  alluded  to,  in  which  the 
general  system  suffers  and  when  there  is  no  local  mani- 
festation of  the  disease  on  which  the  effects  of  the 
current  can  be  concentrated.    Galvano-faradization  can 
also  be  conveniently  applied  through  the  medium  of  the 
bath  when  desired,  but  we  have  not  found  it  better 
than  the  use  of  either  galvanism  or  faradism  alone. 
In  lead  palsy  the  interrupted  current  may  be  used 
singly  to  the  extensor  muscles  of  the  wrist  and  fingers 
after  the  galvanic  bath  is  concluded. 

The  bath  itself  may  be  made  of  polished  metal,  of 
porcelain,  or  of  wood ;  but  porcelain  is  by  far  the  best 

•  This  chapter  is  a  reprint,  with  a  few  alterations,  of  Dr.  Steavenson's 
papers  in    The  Lancet,"  1891,  vol.  i. 
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material  for  the  purpose.    When  made  of  metal  thf 
bath  forms  one  of  the  electrodes  (passive  electrode)  one 
pole  of  the  battery  being  attached  to  it.    Such  baths 
are  usually  made  of  copper  and  are  kept  quite  bright. 
A  japanned  metal  bath  is  not  suitable  for  any  form  of 
electric  bath,  because  the  japanning  is  never  so  perfect 
as  to  insulate  it  completely,  while  it  also  does  not  allow 
the  bath  itself  to  act  as  an  electrode  in  the  way  de- 
scribed for  the  bright  metal  bath.    When  the  copper 
bath  is  used  provision  has  to  be  made  so  that  the  patient 
may  not  touch  the  metal.    The  bottom  of  the  bath  is 
covered  by  a  wooden  lattice  work  on  which  the  patient 
lies,  a  rest  is  also  provided  for  the  back,  and  projecting 
pieces  of  wood  are  placed  at  the  sides,  at  the  level  of 
the  hips,  so  as  to  prevent  the  body  of  the  patient  from 
touching  the  sides  of  the  bath.    This  form  of  bath  is  of 
little  use  except  for  general  faradism,  or  it  may  be  em- 
ployed to  influence  any  particular  region  of  the  body 
by  a  moveable  active  electrode  used  locally  on  different 
parts  of  the  body,  and  the  part  that  it  is  applied  to  has 
for  the  time  being  to  be  out  of  the  water.    In  this  way 
such  strong  currents  cannot  be  borne  as  when  the  whole 
of  the  body  is  immersed,  for  although  the  current  is 
widely  diffused  in  its  passage  and  enters  the  body  at 
many  points,  yet  it  will  be  concentrated  at  the  part  to 
which  the  second  electrode  is  applied,  and  therefore  a 
stronger  current  than  10  or  15  milliamperes  cannot  be 
tolerated.    It  is  far  better  to  employ  a  bath  made  of  a 
non-conducting  material  such  as  porcelain  or  wood.  A 
porcelain  bath  is  the  cleanest  and  best,  but  it  is  also  the 
most  expensive  and  is  very  heavy.    Each  porcelain 
bath  is  made  in  a  mould  and  many  are  rejected  after 
firing  on  account  of  some  flaw;  this,  and  the  risk  of 
breakage,  makes  them  expensive.    A  wooden  tub  is 
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therefore  sometimes  used  for  the  sake  of  cheapness,  and 
the  best  wood  of  which  it  can  be  made  is  oak.  Its  ap- 
pearance can  be  improved  by  having  the  outside  polished 
and  its  hoops  of  iron  painted  black.  The  inside  of  all 
wooden  baths  used  for  electrical  purposes  should  be 
carefully  painted  with  non-metallic  paint.  White  non- 
metallic  enamel  is  the  best  for  this  purpose.  If  the 
inside  of  the  bath  is  not  thus  protected  the  wood  in  time 
becomes  waterlogged.  It  is  then  a  conductor  of  elec- 
tricity, and  is  almost  useless  for  the  purpose  of  the 
electric  bath. 

The  water  in  the  bath  should  be  of  the  temperature 
of  100°  F.,  but  it  is  often  advisable  to  give  the  first  bath 
of  a  series  at  a  temperature  of  98",  for  many  patients 


cannot  at  any  time  bear  a  higher  temperature.  The  bath 
should  be  well  filled  with  water  so  that  when  the  patient 
lies  in  it  the  whole  body  and  the  shoulders  may  be 
covered.  A  bath  thermometer  must  always  be  used  to 
ascertain  and  regulate  the  temperature. 

188.   The  apparatus  required  Ordinarily  the 

electrodes  are  metal  plates  placed  at  the  head  and  foot, 
they  should  always  be  kept  clean  and  bright.  These 
metal  plates  are  provided  with  binding  screws  to  which 
the  battery  wires  are  attached  (fig.  76).    The  best  metal 


Fig.  76.— Electrodes  for  the  bath. 


MEDICAL  ELECTRICITY. 


is  copper  or  nickel.  It  is  no  use  having  these  metal 
sheets  plated,  as  is  sometimes  done  for  appearance 
sake,  for  the  plating  quickly  leaves  the  positive  pole. 
The  electrode  placed  at  the  head  of  the  bath  is  usually 
the  larger,  and  may  measure  eighteen  inches  by  twelve, 
that  at  the  lower  end  of  the  bath  being  eleven  inches  by 
nine.  Smaller  plates  are  sometimes  used  for  the  hips 
and  knees  when  it  is  wished  to  localise  the  current  more 
or  less  at  those  parts.  The  water  should  always  be 
deep  enough  in  the  bath  to  cover  the  plates. 

The  shoulders  and  back  of  the  patient  are  kept  from 
touching  the  plate  at  the  head  of  the  bath  by  a  rest 
made  of  wood,  something  like  a  picture  frame  having 
pieces  of  webbing  stretched  across  (fig.  77).    The  hght 


Fig.  77. — Back  rest. 


wicker  fire  screens  which  are  made  to  fit  on  to  the 
backs  of  chairs  are  very  convenient  and  comfortable  for 
protecting  the  patient's  back  from  touching  the  metal 
plate. 

A  depression  is  made  in  the  upper  bar  of  the  frame  to 


ELECTRIC  BATH. 


281 


support  the  back  of  the  patient's  head.    The  feet  may 
be  allowed  to  touch  the  electrode  at  the  opposite  end  of 
the  bath  because  the  epidermis  on  the  soles  is  thick 
enough  to  take  care  of  itself.    If  a  patient  prefers  it, 
the  feet  need  not  be  placed  in  actual  contact  with  the 
metal,  but  they  should  be  kept  in  close  proximity  to  it. 
A  part  only  of  the  total  current  in  circuit  traverses  the 
body,  the  remainder  passing  through  the  water  in  which 
it  is  immersed,  the  body  is  the  better  conductor  of  the 
two,  though  not  greatly  so.     The  water  in  the  bath 
offers  a  broad  conducting  medium  with  a  large  trans- 
verse  sectional   area,  several   times  larger  than  the 
patient  and  therefore  a  considerable  part  of  the  current 
traverses  the  water  and  is  altogether  lost  to  the  pa- 
tient.*   This  makes  the  employment  of  electricity  in  the 
form  of  a  galvanic  bath  a  wasteful  one.    It  has  been  cal- 
culated that  an  eighth  part  only  of  the  current  traverses 
the  patient.    Thus  with  a  current  of  200  milhampferes 
passing  through  the  bath  the  patient's  body  carries 
about  25  only.    It  can  easily  be  shown  that  part  of  the 
current  traverses  the  human  body  when  immersed  in  a 
bath,  even  if  the  feet  do  not  touch  the  bottom  electrode, 
for  if  one  of  the  legs  is  held  up  out  of  the  water  and  so 
removed  from  the  circuit,  the  current  as  registered  by 
the  galvanometer  is  immediately  reduced.    By  dipping 
both  hands  into  the  bath  at  some  distance  apart  the 
galvanic  current  passing  in  the  water  can  be  easily  felt, 
for  a  certain  portion  of  it  then  passes  through  the  new 
channel  offered  to  it,  going  up  one  arm  and  down  the 
other.    With  the  faradic  current  the  effect  is  such  that 
the  wrists  are  quite  doubled  up  by  the  contraction  of 
the  muscles  when  the  hands  are  held  far  apart.    If  salt 
•  The  resistance  of  the  bath  when  the  patient  is  in  it  is  about 
120  ohms;  but  varies  with  the  quantity  of  water  used. 
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or  acid  is  added  to  the  bath,  the  water  becomes  a  better 
conductor  than  before,  and  the  patient's  share  of  the 
total  current  passing  will  be  reduced.  It  is  therefore 
useless  and  objectionable  to  make  such  additions  to  the 
water.  In  spite  of  this  fact,  many  books  have  advised  it 
to  be  done.  In  the  treatment  of  a  case  the  current  should 
be  allowed  to  flow  through  the  patient  for  from  ten  to 
fifteen  minutes.  It  is  often  not  possible  to  detect  much 
improvement  in  a  patient's  condition  until  after  the  sixth 
or  eighth  bath.  The  first  five  or  six  baths  may  be 
given  on  consecutive  days,  and  then  every  other  day 
until  the  end  of  the  course.  A  course  may  consist  of 
thirteen  or  fourteen  baths.  A  patient  may  have  more  if 
■he  wishes,  and  if  he  is  continuing  to  progress ;  but  often 
after  a  course  is  over  the  patient's  condition  will  con- 
tinue to  show  improvement  after  the  baths  have  been 
left  off,  and  the  improvement  will  be  kept  up  unless 
some  fresh  cause  arises  to  bring  about  a  relapse. 

The  current  to  be  employed  in  a  galvanic  bath  must 
be  very  gradually  raised  until  the  galvanometer  registers 
200  milliamperes,  of  which  the  patient  really  gets  a 
current  of  about  40  milliamperes ;  but  it  is  best  for  the 
first  few  baths  to  use  a  current  of  60  or  100  milli- 
amperes only.  A  battery  of  large  Leclanche  cells 
answers  very  well,  sixty  of  these  may  be  connected 
with  a  switch  board  having  a  double  or  single  collector 
(§  125)  and  a  commutator  (§  126)  ;  and  a  galvanometer 
graduated  to  read  up  to  250  milHamperes  must  be 
included  in  the  circuit.  An  induction  apparatus  is 
also  required,  it  must  be  powerful,  and  should  be  so 
arranged  that  it  can  be  easily  set  in  action,  regulated, 
and  switched  in  or  out  of  circuit. 

A  Stohrer's  battery  may  also  be  used  (§  112),  but 
they  are  rather  uncertain,  largely  through  faulty  con- 
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tacts  at  the  upper  part  of  the  carbon  plates,  they  also 
need  more  attention  than  Leclanche  cells. 

189.  The  galvanic  bath. — The  patient  after  enter- 
ing the  bath  should  be  allowed  a  few  minutes  to  recover 
from  the  reaction  produced  by  the  warm  water  before  the 
current  is  turned  on.    The  current  should  be  increased 
slowly  and  cautiously,  and  the  galvanometer  watched, 
and  at  the  termination  of  the  bath  the  current  must  be 
reduced  as  slowly.    The  direction  of  flow  should  gene- 
rally be  from  the  feet  to  the  head,  the  kathode  being 
kt  the  upper  end  of  the  bath,  and  the  anode  at  its  foot. 
A  medical  man  should  always  be  present  to  regulate, 
increase,  or  diminish  the  strength  of  the  current.  The 
patient  can  wear  an  ordinary  bathing  costume.  With 
female  patients  the  presence  of  a  nurse  or  a  maid  is 
necessary,  but  the  medical  man  should  also  remain  in 
the  bath-room  while  the  current  is  flowing.    An  ar- 
rangement is  needed  on  the  switch  board,  or  on  the 
battery,  for  completing  the  circuit  and  for  gradually 
increasing  the  strength  of   the    current  without  any 
interruptions  taking  place,  so  that  all  chance  of  giving 
a  patient  a  shock  is  avoided.     With  the  large  currents 
used   this  is   most   important.      As    the   current  is 
slowly  augmented  the  first  sensation  experienced  by 
the  patient  is  usually  a  slight  pricking  or  tinghng  at 
the  ankles  or  at  the  knees.    A  galvanic  taste  may  be 
perceived  as  the  current  becomes  stronger.    Should  the 
patient's  head  feel  full  or  throbbing  during  the  adminis- 
tration of  the  bath  a  cold  wet  towel  may  be  placed  on 
the  top  of  the  head.    And  if  any  faintness  is  caused, 
the  current  must  be  reduced.    An  electric  bath  must 
not  be  taken  too  soon  after  a  full  meal.    During  the 
bath  the  pulse  rate  is  said  to  be  diminished,  as  are  also 
the  respirations.    After  the  bath  the  skin  of  the  back 
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near  to  the  upper  electrode  will  be  found  of  a  bright  red 
hue,  this  will  gradually  pass  off  in  an  hour  or  two. 
After  dressing,  the  patient  should  rest  for  fifteen  or 
twenty  minutes  before  going  out  into  the  open  air,  and 
should  not  immediately  engage  in  exhausting  exercise. 
After  an  electric  bath  there  appears  to  be  no  particular 
tendency  to  catch  cold  and  the  patient  generally  feels 
exhilarated  and  better.  Should  there  be  any  sign  of 
languor  or  depression  after  a  bath  the  treatment  should 
not  be  persevered  in. 

190.  The  faradic  bath. — When  the  interrupted 
current  is  used  either  the  primary  or  the  secondary  coil 
may  be  employed.  Special  faradic  coils  of  large  size 
are  best  for  use  with  the  bath.  There  must  be  some 
means  of  regulating  the  strength  of  the  primary  current 
either  by  moving  or  shielding  (§  119)  the  core  of  soft 
iron  wires  in  its  centre ;  or  by  a  rheostat  (§  130). 

The  current  from  the  secondary  coil  can  be  regulated 
by  the  amount  of  the  coil  that  is  allowed  to  encircle  the 
primary  one.  It  is  always  best  in  the  faradic  apparatus 
to  have  the  secondary  coil  after  the  Du  Bois-Reymond 
sledge  principle,  that  is,  wound  upon  a  separate  bobbin, 
and  capable  of  sliding  over  the  primary  (figs.  47,  48). 

191.  The  gal vano -faradic  bath. — Treatment  by 
the  combined  currents — constant  and  interrupted — can 
also  be  very  conveniently  carried  out  by  means  of  the 
bath.  The  two  currents  are  passed  along  the  same  wire ; 
the  terminals  of  the  secondary  coil  being  connected 
to  the  bath  electrodes,  which  are  also  carrying  the 
galvanic  current.  The  faradic  bath  is  specially  indi- 
cated in  those  cases  of  general  debility  which  are 
suited  to  general  faradization  (§  180)  for  which  this 
treatment  can  often  be  substituted  with  advantage. 
The   effect  is  decidedly  invigorating ;   we  have  also 
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obtained  good  results  in  cases  of  post-hemiplegic  weak- 
ness, in  chronic  myelitis,  and  in  exophthalmic  goitre, 
and  both  currents  can  be  felt  in  the  bath.  The  con- 
stant current  of  the  full  strength  of  200  milliamperes 
may  be  used  at  the  same  time  with  a  strong  current 
from  the  coil,  which  is  worked  from  a  separate  battery. 

192.  Hot  air  or  vapour  electric  bath.— In  America 
electricity  has  been  applied  to  patients  when  in  a  hot 
air  or  vapour  bath.    This  form  of  appHcation  is  said  to 
possess  certain  therapeutical  advantages.    Patients  who 
suffer  depression  and  are  in  other  ways  unable  to  take 
the  water  electric  bath  can  often  bear  the  hot  air  or 
vapour  electric  bath.    The  bath  is  given  in  a  cabinet 
constructed  for  the  purpose.    There  is  a  stool  connected 
to  one  pole  on  which  the  patient  is  seated,  his  head 
being  outside  of  the  box  or  cabinet.    The  other  pole  of 
the  battery  can  be  connected  either  with  the  floor  of  the 
cabinet,  which  is  lined  with  zinc,  or  with  special  elec- 
trodes to  be  appHed  to  different  parts  of  the  body.  The 
cabinet  contains  a  hot  water  coil  which  is  connected 
with  a  boiler  and  heating  apparatus  outside. 

The  patient  being  seated  on  the  stool  the  hot  air  or 
steam  is  admitted  into  the  cabinet.    The  vapour  is  used 
at  a  temperature  of  90=  to  100°  F.    It  produces  perspira- 
tion and  IS  used  for  chronic  rheumatism,  stiffness  of  the 
jomts,  and  skin  diseases.    It  is  also  used  at  a  hi-her 
temperature  when  employed  for  internal  congestions 
The  vapour  bath  cannot  be  borne  at  such  a  high  tem 
perature  or  for  so  long  a  time  as  the  hot  air,  106°  to  iio° 
F.  IS  the  usual  limit,  but  the  hot  air  can  be  borne  up 
to  130°.    The  neck  is  surrounded  by  dry  warm  towels 
to  prevent  the  escape  of  the  heat.    There  are  holes  with 
doors  m  the  side  of  the  cabinet  through  which  the  medi- 
cal man  can  pass  his  hands  for  the  purpose  of  adjusting 
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the  electrodes  to  that  part  of  the  patient's  body  it  is 
wished  to  treat.  Sometimes  a  projecting  metal  arm  is 
used  with  the  end  covered  by  sponge  against  which  the 
patient's  back  or  epigastrium  can  rest.  This  projecting 
arm  is  fixed  to  the  back  or  side  of  the  cabinet  and  is 
connected  with  one  of  the  poles  of  the  battery. 

A  hot  air  or  vapour  electric  bath  occupies  fifteen  or 
twenty  minutes.  At  the  conclusion  the  patient  should 
be  cooled  down  by  a  shower  bath  ;  a  common  watering 
pot  may  be  used  for  this  purpose.  A  drain  pipe  is  con- 
nected with  the  bottom  of  the  bath  to  carry  off  the 
moisture.  Although  the  patient  is  enveloped  with  hot 
air  or  vapour  the  current  can  only  be  conveyed  to  him 
by  contact  of  the  electrodes.  "We  made  a  series  of  ex- 
periments at  St.  Bartholomew's  Hospital  some  years 
ago  to  see  if  a  current  could  be  conducted  by  spray.  Pure 
water  and  salt  and  water  were  used  and  forced  out  of  a 
metal  nozzle  connected  with  one  pole  of  a  battery,  the 
jet  was  directed  on  to  a  metal  receiver  connected  with 
the  other  pole  and  a  delicate  galvanometer  included  in 
what  would  have  been  the  circuit  had  the  vapour  con- 
ducted any  current,  but  we  could  produce  no  deflection 
of  the  needle.  A  hot  air  or  vapour  electric  bath  is 
therefore  nothing  more  than  the  apphcation  of  elec- 
tricity to  a  patient  whose  skin  is  rendered  a  better  con- 
ductor through  the  warmth  and  perspiration  that  is 
induced.  The  skin  is  softened  and  so  rendered  a 
better  conductor.  The  vapour  bath  is  more  relaxing 
and  soothing  than  the  hot  air  bath. 

193.  Chronic  rheumatoid  arthritis. — The  affec- 
tion for  which  the  continuous  current  electric  bath  is 
most  useful  is  chronic  rheumatoid  arthritis,  a  most  ob- 
stinate complaint  that  usually  resists  all  forms  of  treat- 
ment.    Electric  baths  will  not  cure  inveterate  cases, 
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but  they  will  do  very  much  to  arrest  the  progress  of 
the  disease,  to  reduce  the  pain  and  swelling  of  the 
joints,  and  otherwise  to  produce  amelioration  in  the 
symptoms.  The  natural  tendency  of  the  disease  is 
almost  always  from  bad  to  worse,  but  even  in  the  worst 
cases  persistent  treatment  with  the  electric  bath  com- 
bmed  with  passive  movements  will  result  in  some 
improvement.  When  the  stress  of  the  complaint  has 
fallen  on  the  hands  and  they  have  become  distorted  and 
useless,  besides  the  plates  already  described  as  used  for 
electrodes  in  the  bath,  a  series  of  metal  handles  of 
different  sizes  (fig.  78)  covered  with  house-flannel  have 


Fig.  78.— Handles  for  rheumatoid  arthritis. 

been  employed,  and  by  their  means  the  hands  have 
gradually  been  opened  out.  Small  handles  are  used 
at  first  and  gradually  increased  in  size  as  the  patient's 
hand  is  able  to  receive  them. 

The  handles  are  attached  to  the  negative  pole  of  the 
battery,  and  take  the  place  of  the  foot  plate  The 
current  then  enters  the  body  at  the  spine  and  leaves 
It  by  the  hand  which  grasps  the  handle,  and  it  is  thus 
concentrated  upon  the  arms  and  hands.  But  this  local 
application  of  the  current  should  only  be  used  for  about 
the  last  five  minutes  of  the  bath  ;  it  should  never  alto- 
gether take  the  place  of  the  general  bath,  which  probably 
mfluences  the  whole  system.    The  hands  may  also  be 
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made  to  grasp  a  metal  bar  supported  across  the  bath 
and  covered  with  moistened  house  flannel"  (fig.  79). 

  In  this  position  the  hands  are 

raised  out  of  the  water  and  carry 
more  current,  and  the  entire  cur- 
rent  flowing   through  the  bath 
must   be   reduced   to   suit  the 
altered  conditions.     When  con- 
centrated in  this  manner  on  the 
■  hands   the   patient  cannot  bear 
more  than  ten  or  twelve  milli- 
amperes.    When  changes  in  the 
direction  of  the  current  are  to  be 
made,  the  current  must  first  be 
reduced  to  zero   and  then  in- 
creased  again.     If  the  current 
were   broken   or    reversed,  the 
patient    would    receive   a  very 
unpleasant   shock,  even  though 
the  current  were  only  20  milli- 
amperes. 

After  the  completion  of  a  course 
of  baths  it  is  generally  possible  to 
notice  some  improvement  in  the 
condition  of  the  patient.  A 
patient  for  instance  who  could 
only  climb  upstairs  slowly  and 
painfully  becomes  able  to  make 
the  ascent  without  assistance  ;  or 
a  woman  who  before  could  not 
hold  her  needle  at  all  finds  that 
she  is  able  to  use  it  slowly.  The 
direction  of  the  current  in  the 


Fig.  79.— Bar  electrode. 


•  Ross,  "  DiFcases  of  the  Nervous 
System,"  vol.  i.,  p.  326. 
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treatment  of  rheumatic  affections  should  be  with  the 
positive  pole  at  the  head  of  the  bath. 

When  the  larger  joints  such  as  the  knees,  hips  or 
shoulders  are  the  seat  of  rheumatoid  arthritis,  the  cur- 
rent can  be  locahsed  by  the  use  of  the  smaller  metal 
plates  (fig.  76),  one  being  placed  on  either  side  of  the 
bath  so  as  to  include  the  affected  joints  between  them. 
The  joints  should  be  afterwards  subjected  to  rubbing 
and  passive  movements.    Local  arm  baths  or  foot  baths 
are  sometimes  given  when  one  limb  or  joint  only  is 
affected.    A  porcelain  or  small  wooden  bath  is  the  best, 
and  two  small  metal  plates  attached  to  the  respective 
poles  of  a  battery  are  placed  one  on  either  side  of  the 
affected  member  and  a  current  allowed  to  pass.  Some- 
times one  electrode  only  is  placed  in  the  water,  the 
other  (a  disc  electrode  attached  to  the  negative  pole) 
being  appHed  to  the  affected  joint  or  limb  ;  for  instance 
to  a  rheumatic  knee  or  to  the  arm  in  a  case  of  cervico- 
brachial  neuralgia.     But  ordinary  galvanism  without 
the  mtervention  of  a  bath  seems  to  be  more  suitable  for 
these  locahsed  affections. 

194-  Gonorrhoea!  rheumatism.-This  affection  has 
also  been  treated  by  electric  baths  on  the  same  plan  as 
that  followed  in  the  treatment  of  rheumatoid  arthritis 
but  not  with  quite  such  satisfactory  results.  The  posi 
tive  pole  IS  placed  at  the  head  of  the  bath.  It  is  advis- 
able to  employ  passive  movements  for  the  affected  limbs 
after  the  bath. 

195-  Gout.— The  galvanic  bath  is  wonderfully  effi- 
cacious in  gout  more  especially  in  old  standing  and 
chronic  cases.  It  has  been  suggested  that  it  acts 
in  part  by  eliminating  the  urate  of  soda  through 
an  electrolytic  action,  but  the  proof  of  this  is  still 
wanting.    It  improves  the  condition  of  the  joints  and 
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should  be  used  after  the  acute  attacks  have  passed 
oflf. 

196.  Lateral  sclerosis.— This  is  another  affection 
that  appears  to  be  greatly  benefited  by  electric  baths. 
The  bath  is  given  in  the  way  already  described  for 
giving  a  general  galvanic  bath.     The  direction  of  the 
current  in  the  treatment  of  lateral  sclerosis  should  be 
with  the  anode  placed  at  the  head  of  the  bath,  so  that 
the  current  enters  the  spinal  cord  between  the  shoulders. 
The  electric  bath  certainly  reduces  the  tendency  to  in-  • 
creased  reflex  excitability,  for  under  this  treatment  the 
spastic  gait  is  improved  and  the  tendency  to  tonic  spasm 
in  the  limbs  is  lessened.    Early  experience  led  to  the 
behef  that  those  cases  of  spastic  rigidity,  accompanied 
by  severe  tremblings  and  sudden  contractions  of  the 
Hmbs  in  bed,  were  more  amenable  to  treatment  when 
they  were  the  result  of  direct  injury  to  the  spinal  cord  ; 
but  latterly  cases  both  of  primary  lateral  sclerosis  and 
of  descending  irritative  lesions  of  the  lateral  columns, 
consecutive  to  cerebral  disease,  have  also  been  found  to 
improve  greatly  by  this  treatment.    We  have  used  both 
the  faradic  and  the  galvanic  bath,  and  have  seen  more  im- 
provement follow  the  first  of  these  methods  of  treatment. 

197.  Metallic  poisoning,  plumbism,  &c.— A 
method  of  removing  poisonous  metals  from  the  body 
by  means  of  an  electro-chemical  bath  has  been  em- 
ployed. The  method  was  introduced  by  Vergnes*  of 
•  He  had  a  bad  ulceration  on  his  hand  produced  by  handling 
metallic  solutions  in  the  process  of  electro-plating.  He  connected 
his  hand  with  the  positive  pole  of  a  battery  and  placed  it  in  a  bath 
and  immersed  in  the  bath  a  metal  plate  connected  with  the  negative 
pole  After  a  current  of  electricity  had  been  flowing  for  fifteen 
minutes  he  found  that  the  negative  plate  had  on  it  a  thm  film  of 
gold  and  silver.  He  repeated  this  hand  electric  bath  a  few  times  and 
found  that  his  ulcer  healed  ! ! 
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Havannah.     For  the  removal  of  metallic  impurities 
from  the  body  it  has  been  recommended  to  use  a 
copper  bath  to  which  is  attached  the  negative  pole 
of  a  battery,  the  patient  holding  out  of  the  water  a 
handle  covered  with  house  flannel  (fig.  78)  first  in  one 
hand  and  then  in  the  other  for  eight  or  ten  minutes  •  or 
he  may  grasp  the  metal  rod  (fig.  79)  ;  but  it  cannot'  be 
allowed  to  rest  on  the  sides  of  the  copper  bath,  it  must 
have  some  special  insulated  supports  and  be  connected 
with  the  positive  pole.    When  the  metal  to  be  removed 
from  the  body  is  lead,  the  water  in  the  bath  should  be 
acidulated  with  sulphuric  acid  ;  for  other  metals  nitric 
acid  may  be  used.    Instead  of  a  copper  bath  a  porcelain 
bath  may  be  used  with  a  large  sheet  of  copper  immersed 
in  the  water  and  connected  with  the  negative  pole 
The  current  enters  the  patient's  arm,  passes  through 
his  body  and  so  reaches  the  kathode,  taking  with  it  the 
metal  and  depositing  it  on  the  surface  of  the  copper 
plate.    Some  of  the  metal  is  also  said  to  remain  in  the 
water. 

198.  Tremors.-The  tremors  of  mercurial  poisoning 
can  be  successfully  treated  in  this  way,  as  many  as 
five-and-twenty  baths  have  been  required  to  produce  a 
eThiba^f  cured  by  six  o. 

199.  Cataphoric  medication. -The  introduction  of 
medicinal  substances  into  the  body  has  been  recently 
revived  by  Dr.  Cagney  of  St.  Mary's  Hospital  -  The 

He  employed  phosphate  of  iron  and  nitric  acid.  The 
patient  was  made  to  sit  in  a  bath  containing  a  solution 
of  one  of  these  substances  while  holding  the  ne7a  ve 
pole  out  of  the  wafpr     Ti,^  .  negative 

F  01  tne  water.    The  current  was  passed  through* 

*  "Brit.  Med.  Jour.,"  November,  i88g. 
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the  water  into  the  patient  and  out  at  the  arms,  in  its 
passage  it  carries  some  of  the  substance  in  solution 
into  the  patient.    Dvs.  Beard  and  RockweW*  say,  that 
there  is  Uttle  question  that  the  passage  of  the  current 
through  the  body,  immersed  in  certain  medicated  solu- 
tions, aids  in  the  absorption  of  some  portion  of  the  com- 
pound.   Weakly  and  anaemic  patients  might  in  this  way 
be  made  to  absorb  phosphate  of  iron.    Dr.  Cagney  in 
his  recent  paper  referred  to  the  experiments  of  Von 
Brims  and  Hermann  Munk.\    A  saturated  solution  of 
the  substances  experimented  with  was  placed  in  two  of 
Dubois's  conducting  tubes,  and  the  tubes  were  closed 
with  clay  soaked  in  the  solution,  they  were  then  applied 
to  the  part  of  the  body  it  was  especially  wished  to  influ- 
ence.   The  direction  of  the  current  was  reversed  every 
five  or  six  minutes.    If  the  current  is  continued  long  in 
the  same  direction  the  absorption  or  osmosis  is  retarded 
through  polarization  in  the  tissues.     It  is  therefore 
necessary  to  charge  both  electrodes  with  the  solution  to 
be  introduced.    The  current  should  be  fairly  strong  and 
kept  flowing  for  from  fifteen  to  forty-five  minutes.  A 
considerable  quantity  of  a  drug  can  be  administered  by 
this  means  ;  traces  have  been  discovered  in  the  saliva 
and  urine  for  several  hours  afterwards. 

The  drug  which  gives  the  best  results  when  adminis- 
tered in  this  way  is  the  iodide  of  potassium,  and  when 
only  one  charged  electrode  can  be  used  it  should  be 
attached  to  the  negative  pole,  because  the  iodine  is 
electro-negative  and  has  a  tendency  to  travel  towards 
the  positive  pole.  It  is  claimed  that  iodine  can  be 
effectively  introduced  in  this  way  in  goitre  or  strumous 

•  "  Medical  and  Surgical  Uses  of  Electricity,"  8th  edit.,  p.  768. 
f  Erb's  "Electro-therapeutics,"  translated  hy  Dr.  De  Watleville, 
p.  127. 
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glands.  It  has  also  been  used  in  cases  of  labyrinthine 
deafness  and  in  lead  palsy,  also  in  syphihtic  gummata 
and  in  diseases  of  the  skin.  Iodide  of  potassium  may 
be  tried  in  this  way  when  it  disagrees  with  the  stomach, 
and  the  effects  of  the  iodine  can  be  more  distinctly 
locahsed  (see  also  §  153). 

200.  Raynaud's  disease — The  electric  bath  is  most 
useful  in  all  cases  of  defective  circulation,  including  those 
cases  of  local  asphyxia  described  as  Raynaud's  disease,  in 
which  the  extremities  often  become  blue  and  are  very 
liable  to  chilblains,  and  sometimes  even  become  gangre- 
nous.   The  continuous  current  should  be  employed  in 
the  manner  already  described.    The  patient's  general 
nutrition  and  circulation  will  be  found  to  have  improved 
at  the  end  of  a  course,  and  the  tendency  to  chilblains 
lessened.    The  complete  bath  is  the  best,  but  Dr.  Thomas 
Barlow  in  his  appendix  to  the  translation  of  Raynaud's 
two  "  Essays  on  Local  Asphyxia,"*  recommends  local 
arm  electric  baths,  in  the  following  words  :— "  The  use 
of  the  constant  current  as  recommended  by  Raynaud,  has 
been  adopted  with  advantage  by  several  observers  in 
cases  of  local  asphyxia.     The  method  which  has  been 
found  most  satisfactory  by  the  translator  in  four  sepa- 
rate cases  has  been  the  following :— immerse  the  ex- 
tremity of  the  limb  which  is  the  subject  of  local  asphyxia 
m  a  large  basin  containing  salt  and  water  ;   place  one 
pole  of  a  constant  current  battery  on  the  upper  part  of 
the  hmb  and  the  other  in  the  basin,  thus  converting  the 
salt  and  water  into  an  electrode.     Employ  as  many 
elements  as  the  patient  can  comfortably  bear,  make  and 
break  at  frequent  intervals  so  as  to  get  repeated  mode- 
rate contractions  of  the  limb.     In  a  typical  paroxysmal 
case,  if  the  two  hmbs  are  similarly  affected,  it  will  be 
New  Sydenham  Society,  "  Selected  Monographs." 
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found  that  the  hmb  which  is  subjected  to  the  above 
treatment  will  more  rapidly  recover  than  the  one  which 
is  simply  kept  warm.  It  will  also  generally  be  found 
that  the  patient  can  tolerate  the  above  mode  of  stimu- 
lation much  more  readily  than  he  can  bear  friction  with 
the  hand,  and  that  the  use  of  galvanism  in  the  way  in- 
dicated, or  by  simply  "  painting"  with  two  sponge  elec- 
trodes, held  on  the  limb  at  a  short  distance  from  each 
other,  will  so  far  diminish  the  pain  that  the  patient 
becomes  able  to  bear  shampooing  afterwards." 

In  chronic  cases,  although  the  relief  is  not  so  obvious, 
there  can  be  no  doubt  at  times  as  to  the  value  of  this 
measure  in  improving  the  nutrition  of  the  limb,  and  in 
keeping  the  threatened  gangrene  at  bay.  Even  when 
gangrene  in  the  limited  form  which  Raynaud  describes, 
has  supervened,  galvanism  to  the  parts  above  and 
around  may  be  tried  with  advantage. 

Shampooing  ought  certainly  to  be  employed  in  con- 
junction with  galvanism  especially  in  chronic  cases  if 
the  extremity  of  the  limb  undergoes  a  degree  of  atrophy, 
or  if  contractions  and  fibrous  ankyloses  take  place. 

If  the  local  arm  bath  is  used,  the  author  would  recom- 
mend that  the  electrode  out  of  the  water  be  applied  to 
the  nape  of  the  patient's  neck,  so  that  the  whole  nervous 
supply  of  the  arm  may  be  in  the  circuit.  When  the 
complete  bath  is  employed  there  should  be  no  breaking 
and  making  of  the  circuit.  There  ssems  to  be  no  parti- 
cular importance  to  be  attached  to  the  direction  of  the 
current. 

20I.  Sciatica  and  Lumbago.— These  two  painful 
affections  are  particularly  suited  to  treatment  by  the 
electric  bath.  Very  good  results  are  obtained  by  ordinary 
local  galvanic  treatment  of  both  these  conditions,  but  it  is 
often  more  convenient  and  more  agreeable  to  the  patient 
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to  be  treated  by  means  of  the  bath,  and  the  results  are 
very  satisfactory.  A  course  of  twelve  baths  usually 
suffices  to  effect  a  cure.  The  ascending  direction  of  the 
current  should  be  preferred  with  the  anode  at  the  foot 
of  the  bath,  or  the  anode  covered  with  flannel  may  be 
placed  near  to  the  gluteal  region  on  the  affected  side, 
the  kathode  remaining  behind  the  shoulders  as  usual. 

202.  G-eneral  conclusions. — As  a  general  tonic  the 
interrupted  current  bath  is  the  best.  It  can  be  used 
most  beneficially  in  many  hysterical  condiiionsj  in  neuras- 
thenia and  simple  debility.  The  faradic  bath  is  also  of 
use  in  alleviating  the  distress  connected  with  the  dis- 
continuance of  the  morphia  habit. 

The  following  conclusions  have  been  arrived  at  by  the 
various  observers  on  the  effects  of  the  galvanic  and 
faradic  electric  bath.  Metabolism  is  promoted  consider- 
ably. Appetite  and  digestion  are  improved.  The  genital 
functions  are  stimulated.  Circulation  and  nutrition  are 
benefited,  sleep  is  notably  restored,  and  new  vigour  is 
imparted  to  the  mental  and  physical  faculties.  In  short, 
the  electric  and  especially  the  faradic  bath  is  credited 
by  all  with  a  powerful  invigorating  and  refreshing  action 
upon  the  human  frame. 

There  can  be  no  doubt  as  to  the  efficacy  of  the  faradic 
bath  in  states  of  debility  and  impaired  nutrition,  and 
especially  in  the  various  functional  neuroses,  e.g.,  neuras- 
thenia of  any  kind,  and  particularly  sexual  neurasthenia, 
nervous  dyspepsia,  palpitation,  hysteria,  hypochondria, 
Basedow's  disease,  &c.  It  is  also  of  great  value  in  pro- 
moting the  recovery  of  patients  after  an  attack  of  hemi- 
plegia, the  weakness,  and  also  to  a  certain  degree  the 
rigidity  of  the  affected  parts,  becomes  notably  improved 
in  many  instances. 

Further,  the  galvanic  bath  is  beneficial  in  tremulous 
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States  (mercurial  and  alcoholic  tremor,  &c.),  and  even  in 
paralysis  agitans,  where  it  will  affect  at  any  rate  a 
decided  alleviation  of  symptoms.  It  is  one  of  the  most 
efficient  forms  of  treatment  in  chronic  rheumatism,  in 
sciatica  and  in  rheumatoid  arthritis. 
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CHAPTER  XI. 
Diseases  of  the  Nervous  System. 

Cerebral  d'sease  and  hemiplegia.  Epilepsy.  Chorea.  Tremors. 
Hysteria.  Neurasthenia  and  hypochondriasis.  Migraine  and 
headache.    Insomnia.    Tinnitus  aurium.  Exophthalmos. 

203.  Cerebral  disease  ;  Hemiplegia  In  this  and 

the  following  chapters  we  do  not  propose  to  enter  into 
the  whole  subject  of  "  Diseases  of  the  Nervous  System," 
but  merely  to  bring  forward  quite  briefly  an  account  of 
the  facts  which  have  been  estabhshed,  and  of  the  methods 
which  are  to  be  employed  in  the  electrical  treatment  of 
these  conditions. 

To  obtain  successful  results  in  cases  of  disease  of  the 
central  nervous  system  it  is  not  enough  to  apply  treat- 
ment to  the  peripheral  parts  only ;  the  seat  of  the  lesion 
producing  the  paralysis  or  other  symptom  must  also  be 
brought  under  the  influence  of  the  current ;  this  rea- 
sonable fact  is  often  entirely  lost  sight  of;  sometimes 
by  accident  the  central  nervous  system  does  secure  a 
certain  share  of  treatment,  in  cases  where  the  indifferent 
electrode  is  placed  on  the  nape  of  the  neck  for  the  sake 
of  convenience,  while  the  active  electrode  is  being  ap- 
plied to  the  region  of  the  affected  muscles,  but  this  by 
Itself  is  not  sufficient,  for  to  produce  the  best  results  the 
treatment  must  be  directed  both  to  the  seat  of  the  lesion 
and  to  the  seat  of  the  symptoms.     It  is  certain  that 
changes  are  set  up  in  the  centres  when  their  peripheral 
areas  are  stimulated,  and  in  this  way  cures  have  been 
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effected,  even  when  the  treatment  has  been  appHed  only 
to  the  paralysed  parts. 

In  hemiplegia  good  results  are  sometimes  obtained  by 
the  faradic  stimulation  of  the  affected  limbs,  and  this  is 
a  very  valuable  fact,  because  so  little  can  be  done  in 
other  ways  to  improve  the  condition  of  old  hemiplegic 
patients.     We  have  seen  great  benefit  produced  by  the 
electrical  treatment  of  such  cases,  and  that  not  once  or 
twice  only,  but  frequently.    The  series  of  cases  recorded 
hy  Prof .  Erb*  seems  to  show  that  after  an  attack  of  hemi- 
plegia the  muscles  may  remain  in  a  crippled  condition 
from  a  sort  of  torpor  of  some  part  of  the  motor  tracts,  so 
that  they  remain  for  a  time  beyond  the  control  of  the  will, 
although  there  may  be  no  absolute  interruption  in  the 
conducting  paths.    Thus  a  patient  may  at  once  recover 
much  of  his  lost  power  after  a  single  vigorous  faradiza- 
tion of  the  affected  limbs.    It  is  therefore  very  impor- 
tant that  this  treatment  by  faradism  should  always  be 
tried  in  cases  where  a  patient  is  recovering  imperfectly 
from  hemiplegia.    Treatment  should  not  be  commenced 
until  about  four  weeks  after  the  attack,  in  order  to  avoid 
all  danger  of  setting  up  fresh  mischief  at  the  seat  of  the 
lesion,  and  it  may  be  repeated  three  or  four  times  in  the 
course  of  a  week.    A  certain  number  of  patients  will  be 
very  much  improved  thereby.    The  further  treatment 
should  be  directed  to  the  seat  of  the  lesion  in  the  brain, 
and  galvanism  is  to  be  employed,  the  anode  to  the  fore- 
head and  the  sides  of  the  head,  and  the  kathode  to  the 
nape  of  the  neck,  the  positive  electrode  being  slowly 
moved  to  and  fro  (labile)  without  interruptions.  This 
direction  of  the  current  has  been  chosen  on  account  of 
its  following  the  course  of  the  motor  tract.     The  cur- 
rent may  be  from  one  to  five  milliamperes,  and  the 
•  "  Electro-therapeutics." 
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active  electrode  should  be  of  medium  or  large  size,  and 
should  be  adapted  to  the  shape  of  the  place  on  which  it 
is  applied.  This  treatment  is  to  be  carried  out  daily  for 
four  weeks,  the  duration  of  each  sitting  being  not  more 
than  five  minutes.  If  aphasia  is  associated  with  the 
hemiplegia  the  anode  may  be  applied  to  the  region  of 
the  third  left  frontal  convolution  and  island  of  Reil.  In 
cases  of  some  months  standing  it  might  perhaps  be  use- 
ful to  apply  the  kathode  rather  than  the  anode  for  the 
sake  of  its  stimulating  effect. 

The  objects  aimed  at  in  the  systematic  galvanism  of 
the  head  in  cerebral  disease  are  as  follows  : — to  promote 
the  absorption  of  extravasated  blood,  to  assist  the  circu- 
lation through  the  brain,  to  remove  oedema  and  con- 
gestion, and  to  improve  nutrition.    All  these  may  be 
classified  as  vascular  effects,  and  a  certain  amount  of 
evidence,  partly  experimental  and  partly  clinical,  has 
been  collected,  which  seems  to  show  that  such  vascular 
changes  can  be  set  up  within  the  skuU  by  long-con- 
tinued  and   regular   galvanic  treatment.     This  is  a 
promising    field    for    investigation.      Lowenfeld  has 
claimed  that  anaemia  of  the  brain  may  be  set  up  by 
the  kathode,  and  hyperaemia  by  the  anode.    It  has  been 
stated  that  a  profound  effect  can  be  produced  upon  the 
cerebral  circulation  reflexly  by  faradizing  the  skin  of 
remote  parts ;  for  instance,  that  faradization  of  the  abdo- 
men may  set  up  so  rapid  a  cerebral  anemia  as  to  pro- 
duce fainting  {Liehig  and  Rohe).    The  present  position  of 
electricity  in  the  treatment  of  cerebral  disease  is  still  but 
very  imperfectly  understood,  nevertheless  there  have 
been  a  sufficient  number  of  successful  results  to  make 
the  treatment  very  well  worth  a  trial  in  every  case, 
especially  as  the  prospects  of  improvement  from  other 
modes  of  treatment  are  so  slight.     Even  when  the 
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morbid  condition  itself  is  incurable  something  may  be 
done  to  relieve  troublesom.e  symptoms,  such  as  headache, 
sleeplessness,  mental  depression  and  so  on. 

204.  Epilepsy. — This  has  been  attacked  by  electrical 
methods,  with  a  certain  degree  of  success.  Arthuis 
states  that  he  has  seen  good  results  follow  from  statical 
electricity — he  considers  that  the  treatment  to  be  effec- 
tive should  be  continued  for  some  length  of  time,  but 
that  it  need  not  be  pursued  unless  benefit  is  seen  in  the 
first  two  or  three  months. 

Althatis  says  that  in  certain  cases  the  continuous  cur- 
rent may  do  a  great  deal  of  good.  His  method  is  "to 
direct  the  electrodes  to  the  mastoid  processes,  the 
cervical  sympathetic  and  those  peripheral  nerves  in 
the  domain  of  which  an  aura  is  repeatedly  or  occasion- 
ally experienced."  He  gives  three  cases  where  galvan- 
ism at  once  diminished  the  frequency  of  the  attacks, 
and  went  so  far  towards  effecting  a  cure  that  the 
intervals  between  the  fits  was  prolonged  from  a  few 
days  to  two  months  at  least.  The  further  history 
of  the  cases  remains  uncertain,  as  they  were  hospital 
patients  and  ceased  to  attend,  but  as  it  is  probable 
that  they  would  have  returned  if  not  cured,  we  may 
perhaps  suppose  that  the  benefit  they  received  was 
permanent.  The  number  of  applications  ranged  from 
eleven  to  fifteen.  Erb  also  reports  that  he  has  received 
a  decidedly  favourable  impression  from  the  treatment  of 
epilepsy  by  galvanism.  He  advises  that  the  anode  be 
placed  first  on  the  side  of  the  forehead,  with  the  kathode 
to  the  nape  of  the  neck,  with  a  weak  current  for  one 
minute,  and  secondly  in  the  middle  line  of  the  head  in 
front  with  the  same  current  and  for  the  same  length  of 
time,  the  kathode  being  over  the  occiput.  The  treat- 
ment of  the  neck  and  of  the  seat  of  the  aura,  as  recom- 
mended by  Althatis,  should  also  be  tried. 
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205.  Chorea — Statical  electricity  has  been  success- 
fully tried  in  this  disease.  In  1849  Dr.  Golding  Bird'' 
reported  that  thirty  cases  out  of  thirty-seven  had  been 
cured  by  electrical  treatment,  while  five  of  the  others 
were  relieved.  The  plan  of  treatment  was  the  appli- 
cation of  sparks  to  the  spine.  The  shocks  from  a 
Leyden  jar  were  found  to  be  decidedly  harmful.  Dr. 
Golding  Bird  suggested  that  the  benefit  depended  upon 
a  cutaneous  effect  of  counter  irritation  by  the  sparks. 

The  patient  should  be  insulated  and  made  to  hold  the 
metal  rod  or  chain  connected  with  one  of  the  conductors 
of  the  electrical  machine.    An  excitor  consisting  of  a 
brass  knob  and  insulated  handle  (fig.  29)  is  attached  to 
the  other  conductor,  and  sparks  taken  from  the  spinal 
column  and  then  from  the  affected  limb,  until  a  papular 
eruption  is  produced.     In  hemi-chorea  the  hand  of  the 
affected  arm  is  made  to  hold  the  metallic  rod  or  chain, 
if  the  movements  are  not  too  violent.    In  the  case  of 
children  it  is  best  to  insulate  the  mother  or  nurse  with 
the  child  m  her  arms,  making  either  of  the  former  hold 
the  connected  rod,  the  sparks  can  then  be  taken  from 
the  child's  back  and  Hmbs. 

In  severe  cases  the  treatment  has  to  be  repeated 
every  day,  or  indeed  twice  a  day  ;  in  less  severe  cases 
every  other  day  or  twice  a  week.  Some  patients  are 
relieved  after  three  or  four  applications  of  the  treatment 
but  complete  cure  results  after  a  varying  time,  according 
to  the  severity  and  duration  of  the  attack  and  the  fre 
quency  with  which  the  treatment  is  repeated 

\A.nting  on  the  same  subject  in  the  "  Guy's  Hospital 
Reports    m  1853,  the  late  Sir  W.  GrUl  gives  twenty  five 
cases  of  chorea  treated  by  statical  electricity.  Nineteen 
were  cured  and  five  improved;  only  one 'resisted  the 
•  "  Lectures  on  Electricity  and  Galvanism,"  London,  1849. 


302 


MEDICAL  ELECTRICITY. 


treatment.  He  says:  "  The  fact  stands  well  established 
that  electricity  is  at  present  to  be  ranked  amongst  the 
means  at  our  disposal  for  the  cure  of  chorea,  and  that  in 
severe  cases  its  effects  are  often  truly  surprising.  Where 
other  means  cannot  be  employed ;  when  the  patient  is 
scarcely  able  to  swallow  ;  where  the  skin  is  abraded 
from  the  prominent  bones  of  the  emaciated  frame  ; 
when  the  powers  of  life  seem  nearly  exhausted,  sparks 
of  electricity  drawn  from  the  whole  length  of  the  spine 
will  often,  after  a  few  repetitions,  eliect  a  favourable 
change,  and  enable  us  to  administer  other  means  of 
cure." 

{Sir  W.  Gull  continued  to  hold  these  views  to  the  end 
of  his  professional  life,  and  when  I  was  appointed  to  the 
charge  of  the  electrical  department  at  St.  Bartholomew's 
Hospital,  he  advised  me  to  turn  my  attention  particularly 
to  the  treatment,  of  chorea  by  statical  electricity.  The 
results  I  have  had  have  been  most  satisfactory.  W.E.S.) 

Erb  proposes  the  use  of  oblique  galvanization  of  the 
head  in  chorea,  but  does  not  express  any  definite  opinion 
as  to  its  value. 

Some  cases  of  chorea  treated  recently  by  electricity 
are  recorded  by  Beard  and  Rockwell.  The  methods  used 
by  them  were  "  general  faradization  "  or  "central  gal- 
vanization," the  former  method  being  used  unless  the 
patient  seemed  to  bear  it  badly.  Good  results  appear- 
to  have  followed  both  plans  of  treatment ;  the  point  of 
most  importance  insisted  upon  by  the  authors  being 
that  the  currents  used  must  be  gentle  and  agreeable  to 
the  little  patients,  and  that  all  shocks  or  alarms  are  to 
be  avoided. 

It  is  difl&cult  to  estimate  the  true  value  of  the  results 
obtained  from  the  electrical  treatment  of  chorea,  because 
the  ordinary  course  of  the  disease  is  so  uncertain,  both 
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in  its  duration  and  its  severity,  and  because  of  the 
tendency  to  natural  recovery. 

It  might  be  useful  to  employ  electrical  treatment 
in  those  cases  which  have  lasted  a  long  time,  and 
resist  the  ordinary  medical  treatment  by  rest  and 
drugs. 

206.  Tremors — But  little  can  be  done  with  elec- 
tricity in  cases  of  tremor.  In  paralysis  agitans  it  has 
been  tried  systematically  {Gowcrs,  Berger)  without  any 
success. 

Althaus  has  seen  relief  follow  the  galvanic  treatment 
of  shaking  palsy  of  long  standing  in  several  cases,  but 
he  does  not  clearly  indicate  his  mode  of  treatment. 

Beard  and  Rockwell  give  two  cases  of  tremors  in  which 
relief  was  afforded  by  central  galvanization. 

The  galvanic  bath  (§  197)  has  been  found  useful  in 
certain  cases  of  tremor,  especially  in  those  due  to  toxic 
influences  (alcohol,  mercury,  lead).  Tranverse  galvani- 
zation of  the  head  has  been  recommended  by  Cheron, 
while  Erh  suggests  the  longitudinal  or  oblique  galvani- 
zation of  the  head. 

207.  Hysteria.— Hysterical  affections  have  been  very 
largely  treated  by  electricity,  and  from  the  peculiar 
nature  of  the  affection,  good  results  have  followed  the 
most  diverse  forms  of  electrical  treatment.  The  moral 
effect  of  the  treatment,  particularly  when  it  is  associated 
with  sparks  or  with  shocks,  is  suitable  to  the  state  of 
mind  of  hysteria,  and  therefore  the  literature  of  Medical 
Electricity,  from  the  time  of  John  Wesley's  Desideratum 
onwards,  is  full  of  more  or  less  wonderful  cures  of  such 
cases  by  electricity.  At  the  same  time  the  value  of 
electrical  treatment  lies  rather  in  the  direction  of  re- 
heving  symptoms  than  of  curing  the  morbid  state,  and 
It  is  necessary  to  be  prepared  for  occasional  difficulties 
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and  disappointments,  even  in  hysterical  cases,  although 
good  results  will  usually  be  obtained.    We  must  also 
be  careful  not  to  claim  too  much  for  the  electrical  part 
of  the  treatment  when  it  is  successful,  for  it  may  happen 
that  the  touch  of  an  electrode  will  cure  even  when  there 
is  no  current.     Several  cases  of  this  kind  have  come  to 
our  notice.    Strong  galvanic  shocks  have  been  used  for 
cutting  short  an  hysterical  fit,  but  the  most  useful  role 
of  electricity  in  hysteria  is  for  the  removal  of  paralyses, 
ansesthesise  and  spasms  ;   for  these  symptoms  faradism 
is  most  usually  employed,  either  by  means  of  an  or- 
dinary electrode  or  by  the  dry  metallic  brush.  Statical 
treatment,  especially  the  treatment  by  sparks,  is  quite 
as  valuable  in  these  cases,  and  has  been  very  largely 
practised  in  Paris.    Occasionally  the  continuous  current 
is  better,  particularly  where  the  complaint  is  of  a  painful 
point.     These  painful  points  can  be  successfully  treated 
by  the  application  of  the  anode,  stabile,  for  five  or  ten 
minutes  at  a  sitting,  the  commonest  situations  of  the 
pain  being  over  the  vertebrae,  or  the  sacrum,  or  the 
ovaries,  or  beneath  the  mamma.    Hysterical  aphonia 
can  usually  be  dispelled  by  faradic  currents  apphed  to 
the  throat  from  outside,  and  for  the  most  part  this 
method  is  better  than  the  more  severe  apphcation  of  the 
electrode  to  the  fauces,  or  to  the  larynx,  because  the 
patient  will  not  always  submit  to  the  latter  method. 
For  the  hysterical  condition,  as  distinguished  from  the 
special  symptoms,  it  is  advisable  to  make  use  of  one  of 
the  methods  of  general  treatment  described  in  Chap.  IX., 
namely,  general  faradization,  central  galvanization,  or 
the  electric  bath. 

The  electrical  treatment  of  hysteria  does  not  consist 
merely  in  severe  applications,  the  faradization  may 
be  briskly  apphed,  but  pain  must  not  be  deliberately 
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produced ;  to  punish  his  patient  is  not  part  of  the 
medical  man's  duty,  and  unless  the  patient's  confidence 
can  be  won  by  kindly  firmness,  the  treatment  will  very 
probably  be  in  vain. 

Another  very  important  consideration  is  the  diagnosis 
between  hysteria  and  organic  disease  of  some  obscure 
kind.  It  is  not  at  all  uncommon  for  hysteria  to  be 
associated  with  serious  disease,  for  instance,  with 
phthisis,  moreover  when  the  diagnosis  has  been  based 
upon  the  alleged  presence  of  a  persistent  localised  pain 
in  a  female  patient,  it  may  after  all  turn  out  to  be  due 
to  some  serious  latent  mischief.  We  have  known  two 
cases  where  patients  with  early  malignant  disease  of 
the  vertebrae  were  supposed  to  be  suffering  from  hysteria 
alone.* 

208.  Hypochondriasis  and  Neurasthenia  In 

these  conditions  the  general  methods  of  electrical  treat- 
ment are  of  great  value ;  either  the  electric  bath,  general 
faradization  or  central  galvanization  may  be  used,  with 
additional  local  treatment  for  any  symptom  which  may 
be  especially  troublesome.  The  positive  charge  from  a 
static  machine  is  also  very  useful  in  certain  cases.  The 
value  of  the  treatment  may  be  due  to  a  belief  on  the 
part  of  the  patient  that  an  extremely  powerful  agent 

(electricity)  is  being  brought  to  bear  upon  his  case  

certam  it  is  that  the  vague  symptoms  of  these  patients 
are  sometimes  dispelled  in  a  wonderful  way  by  electrical 
treatment. 

The  management  of  hypochondriacal  patients  requires 
a  very  great  amount  of  care,t  ^^d  in  treating  such  cases 

*  Cf.  Dr.  Buzzard,  "  Brain,"  i8go.  "  On  the  Simulation  of  Hys- 
teria  by  Organic  Disease  of  the  Nervous  System." 

t  A  grave  responsibility  rests  upon  physicians  who  are  consulted 
by  these  patients.    The  mere  consultation,  even  when  the  advice  is 
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it  is  important  to  attend  to  their  psychical  condition  as 
well  as  to  their  bodily  complaints.  Dr.  Cowers  has 
insisted  on  the  importance  of  the  withdrawal  of  the 
attention  of  the  patient  from  his  physical  condition,  he 
says:  "it  is  essential  to  make  the  patient  realise  how 
misleading  bodily  sensations  often  are  regarding  the 
actual  condition  of  the  parts  from  which  the  feelings 
seem  to  proceed,  and  how  essential  it  is  that  the  sensa- 
tions should  be  disregarded,  he  should  also  be  made  to 
understand  that  his  efforts  to  neglect  them  will  not  be 
at  once  successful  and  that  perseverance  for  a  long  time 
will  be  necessary." 

It  is  probable  that  in  neurasthenia  a  certain  degree  of 
functional  disorder  of  some  part  of  the  nervous  system 
is  present;  the  condition  has  been  divided  into  two 
chief  varieties,  neurasthenia  cerebralis,  where  the  symptoms 
are  sleeplessness,  low  spirits,  sensations  in  the  head, 
(giddiness,  weight,  feeling  of  lightness,  &c.)  and  neuras- 
thenia spiralis,  in  which  muscular  weakness,  languor, 
pains  in  the  back,  and  numbness  of  extremities  are 
more  especially  complained  of. 

Besides  these  symptoms  the  patients  usually  suffer 
from  dyspepsia,  with  constipation  or  less  often  with 
diarrhoea,  accompanied  by  a  feeling  of  prostration, 
and  very  much  may  be  done  for  their  general  neura- 
sthenic condition  by  a  careful  regulation  of  the  bowels. 

When  the  sexual  organs  are  complained  of,  galvan- 
ism can  be  applied  in  the  manner  recommended  by 

wise,  helps  to  perpetuate  the  morbid  state,  and  when  all  that  can  be 
done  to  remove  actual  disorder  has  been  accomplished  it  is  often 
right  to  refuse  to  be  any  longer  a  passive  party  to  the  perpetuation 
of  the  symptoms.  Sometimes  such  a  refusal,  if  the  grounds  for  it 
are  made  clear,  will  do  more  real  good  to  the  sufferer  than  can  be 
achieved  by  any  other  means.  Gowcrs. 


DISEASES  OF  THE  NERVOUS  SYSTEM.  307 

Erh,  namely,  the  anode  of  large  size  to  the  lumbar  spine, 
the  kathode  to  the  groins,  the  penis  or  scrotum,  and  the 
perineum,  using  strong  currents  for  one  or  two  minutes 
at  a  time.  Faradic  treatment  applied  to  the  same  parts 
is  also  said  to  be  of  great  use  in  some  cases.  It  has 
further  been  proposed  that  one  pole  should  be  intro- 
duced into  the  urethra,  or  the  rectum,  the  other  pole 
being  applied  to  the  lumbar  spine. 

209.  Migraine  and  headache.— Although  it  might 
have  been  expected   that   electrical  treatment  would 
benefit  this  disorder,  yet  but  little  success  has  hitherto 
been  obtained,  at  least  from  galvanic  or  faradic  treat- 
ment.    Erb  has  once  succeeded  in  arresting  an  attack 
by  galvanism.   We  have  also  seen  a  one-sided  headache 
instantly  dispelled  by  the  application  of  the  anode  to 
the  forehead,  and  Dr.  Poore  has  more  than  once  removed 
a  troublesome  headache  by  a  single  application  for  a 
few  moments  of  a  weak  current  to  the  head.  Statical 
treatment  has  been  rather  more  successful.  Arthuis 
and  M'CUire  both  speak  of  having  obtained  favourable 
results,  the  latter  gives  an  account  of  a  severe  case  in 
a  lady  who  had  had  attacks  almost  weekly  for  fourteen 
years.    The  treatment  was  by  the  souffle  to  the  head 
After  eight  or  ten  applications  the  intervals  became 
longer,  and  the  patient  was  able  to  do  much  more  with- 
out brmgmg  on  an  attack.    The  patient  though  much 
relieved  was  not  cured  completely.    It  is  not  clear  bom 
the  account  whether  the  treatment  was  applied  during 
the  period  of  headache  or  during  the  intervals,  but 
probably  It  was  the  latter.    Dr.  M^Clure  recommends 
the  use  of  negative  electricity  in  form  of  the  souffle  or 
electric  breeze. 

Arthuis  says  that  the  results  he  has  obtained  in 
migraine  justify  him  in  saying  that  although  statical 
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treatment  does  not  cure  the  disease,  yet  it  is  the  best 
mode  of  treating  it,  he  considers  that  the  cases  most 
easily  influenced  are  those  occurring  in  women  at  or 
near  their  menstrual  periods,  and  those  which  depend 
upon  digestive  troubles.  His  procedure  is  to  use  the 
souffle,  frictions,*  and  sparks  applied  to  the  whole  body, 
especially  to  the  forehead  and  the  epigastrium ;  the 
duration  of  each  sitting  being  from  eight  to  ten  minutes, 
and  the  course  of  treatment  being  extended  over  a 
period  of  several  months. 

Other  forms  of  headache  have  also  been  treated  by 
galvanism,  but  without  definite  results.  AUhaiis,  how- 
ever, is  of  opinion  that  they  can  usually  be  relieved  by 
a  gentle  faradism  with  the  electric  hand,  or  by  a  gentle 
continuous  current,  and  he  has  seen  a  large  number  of 
cases  in  which  one  or  other  of  these  methods  has 
proved  successful. 

210.  Insomnia. — Electricity  is  very  useful  in  many 
forms  of  sleeplessness.  According  to  Prof.  Erh  a  de- 
cided inclination  to  sleep  is  often  induced  by  the  electri- 
cal treatment  of  the  most  widely  differing  parts  of  the 
body,  but  especially  of  the  head  and  neck.  General 
.faradism  or  the  faradic  bath  are  the  best  methods  of 
treatment,  but  even  local  faradism  or  local  galvanism  of 
a  limb  is  frequently  followed  by  a  well  marked  soporific 
tendency. 

211.  Tinnitus  aurium. — Subjective  noises  in  the 

*  Electrical  frictions  are  carried  out  by  moving  the  knob  of  an 
excitor  (fig.  29)  lightly  over  the  surface  of  the  body,  through  a  layer 
of  dry  flannel.  The  flannel  may  be  worn  as  a  well-fitting  garment, 
or  it  may  be  tied  round  the  knob  of  the  excitor.  This  latter  plan  is 
best  for  the  face  and  hands.  In  either  case  the  effect  is  to  produce 
an  abundant  discharge  of  very  short  sparks,  whose  length  depends 
upon  the  thickness  of  the  flannel.  The  sensation  is  one  of  warmth 
and  pricking.  -  • 
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ears  are  frequently  benefited  by  galvanism.  From 
what  has  been  already  said  in  §  173,  it  appears  that 
when  the  tinnitus  is  associated  with  an  irritable  state 
of  the  auditory  nerve,  good  results  may  be  expected 
from  the  sedative  action  of  the  anode,  which  may  be 
appHed  by  a  small  electrode  to  the  ear,  or  to  the  mas- 
toid process  just  behind  the  ear,  or  to  the  skin  immedi- 
ately in  front  of  the  tragus.    We  have  treated  a  very 
large  number  of  patients  for  this  complaint,  and  have 
adopted  an  uniform  plan  of  treatment,  the  active  elec- 
trode (anode)  is  bifurcated  (fig.  75)  and  has  a  spring  to 
retain  it  in  its  position  in  front  of  the  tragus.    It  is  thus 
applied  to  both  ears  at  once.    The  parts  in  contact 
with  the  skin  should  not  be  of  less  diameter  than  two 
centimetres.    If  the  surface  of  the  electrode  is  too  small 
some  soreness  of  the  skin  may  be  produced  at  the  points 
of  contact.    A  small  pad  of  moist  absorbent  wool  makes 
the  best  covering.    The  indifferent  electrode  is  placed 
at  the  back  of  the  neck,  where  it  is  kept  in  position  by 
the  pressure  of  the  clothing ;  and  a  good  galvanometer 
and  a  rheostat  should  be  included  in  the  circuit.  A 
simple  and  convenient  form  of  graphite  rheostat  is  made 
by  My.  Schall,  which  enables  the  operator  to  introduce 
a  resistance  of  10,000  ohms  into  the  circuit  quite  gradu- 
ally.   When  everything  is  ready  the  current  is  slowly 
and  steadily  raised  by  the  current  collector  to  five  milli- 
amperes,  (the  rheostat  being  at  zero)  and  allowed  to 
pass  for  ten  minutes.    As  the  resistance  of  the  skin 
dimmishes  the  current  will  increase  slowly,  the  galvano- 
meter may  be  allowed  to  indicate  eight  milliamperes, 
each  ear  is  then  receiving  four.    If  the  current  should 
be  mchned  to  rise  higher  the  rheostat  must  be  brought 
mto  use  to  keep  it  at  that  strength.    The  patient  should 
be  mstructed  to  pay  attention  to  the  noises  and  to  give 
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notice  of  any  change  occurring  in  them  in  the  course  of 
the  sitting.  In  favourable  cases  the  noises  will  diminish 
during  the  passage  of  the  current ;  if  the  current  be  too 
quickly  reduced  at  the  end  of  the  treatment  the  noises 
may  return  as  loudly  as  before,  but  if  it  be  reduced  very 
slowly  and  gradually  this  should  not  happen.  On  this 
account  the  rheostat  is  an  important  part  of  the  appara- 
tus ;  at  the  end  of  the  sitting  the  current  is  to  be  re- 
duced by  the  rheostat  first  and  afterwards  by  the 
collector.  It  generally  happens  that  the  tinnitus  is 
gradually  dispelled  by  the  treatment,  at  first  the  relief 
is  quite  temporary  and  the  noises  will  probably  return 
within  a  few  hours,  but  after  each  sitting  the  period  of 
quiet  is  longer  until  finally  they  disappear  altogether. 
If  the  sittings  are  repeated  daily  for  the  first  week  much 
time  will  be  gained,  afterwards  it  will  be  sufficient  to 
apply  the  treatment  twice  a  week  for  a  fortnight  or 
three  weeks,  or  a  month,  according  to  the  progress  of 
the  case. 

Tinnitus  complicates  nearly  all  the  different  forms  of 
ear  disease,  for  instance,  it  may  depend  upon  the  accu- 
mulation of  wax,  or  it  may  be  due  to  some  other  tempo- 
rary disorder  of  the  ear,  which  can  easily  be  cured  by 
proper  treatment,  or  it  may  occur  in  patients  whose 
auditory  apparatus  is  normal,  as  a  part  of  some  general 
morbid  condition. 

More  commonly,  however,  some  chronic  mischief 
exists  and  the  removal  of  the  subjective  noises  may 
be  a  matter  of  great  interest  to  the  patient,  even  apart 
from  his  deafness  or  other  ear  troubles.  Very  many  of 
these  cases  obtain  great  relief  from  galvanism. 

The  causes  of  tinnitus  can  be  grouped  into  four  divi- 
sions:—!. Morbid  constitutional  states,  including  de- 
bility, renal  disease  and  the  eff"ect  of  drugs,  such  as 
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quinine  and  salicylate  of  soda.  2.  Disorders  of  the 
peripheral  auditory  apparatus.  3.  Disorders  of  the 
central  (cortical)  auditory  apparatus.  4.  Reflex  dis- 
turbances, especially  from  the  region  of  the  fifth  cranial 
nerve.*''*  Of  these  four  divisions  the  largest  and  most 
important  is  the  second ;  and  a  majority  of  the  patients 
suffering  from  tinnitus  belong  to  this  group.  Galvanic 
treatment  is  able  to  do  a  very  great  deal  for  these  cases 
provided  it  be  properly  managed.  If  it  is  not  done 
carefully  the  results  will  be  unsatisfactory. 

It  has  been  objected  to  the  galvanic  treatment  that  it 
is  difficult,  and  that  the  results  are  uncertain,  and  at  best 
only  temporary,  but  when  so  little  can  be  done  in  other 
ways  for  these  patients  it  is  at  least  a  gain  to  be  able  to 
relieve  by  galvanism  the  very  distressing  symptom  of 
tinnitus.  Out  of  a  very  large  number  of  patients  who 
have  been  under  our  treatment  for  noises  in  the  ears, 
the  majority  have  been  completely  freed  by  a  course  of 
galvanism  applied  in  the  way  already  described.  Some 
of  them  certainly  have  returned  after  the  lapse  of  several 
months  for  further  treatment,  and  in  them  the  symptom 
has  for  the  most  part  again  yielded  promptly  to  the 
renewal  of  galvanism. 

212.  Exophthalmic  goitre. — This  disease  has  been 
frequently  treated  by  electricity,  and  in  a  fair  number  of 
cases  the  treatment  has  been  followed  by  good  results. 
It  has  been  assumed  that  the  seat  of  the  disease  is  in 
the  vasomotor  system,  and  especially  in  the  cervical 
sympathetic.  It  is  important  to  bear  in  mind,  as  has 
been  pointed  out  by  Cowers,  that  the  sympathetic  system 
is  represented  in  the  brain,  and  on  this  account  the 

'  See  Dr.  Macnaiighton  yones  "  On  Subjective  Noises  in  the  Head 
and  Ears,"  p.  ii5,  "Dental  Reflexes,"  J^ondon,  Baillicre  Tindall 
and  Cox,  i8gi. 
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treatment  should  not  be  confined  too  strictly  to  the 
region  of  the  neck. 

Erb  calls  attention  to  the  frequent  association  of 
neurasthenic  symptoms  with  exophthalmos,  and  this 
also  suggests  a  cerebral  origin  for  this  peculiar  morbid 
condition.  Dr.  Cardew  has  devoted  considerable  atten- 
tion to  the  electrical  treatment  of  exophthalmic  goitre, 
and  he  has  reported*  a  short  series  of  cases  where 
galvanism  produced  great  improvement  in  the  sym- 
ptoms. In  nearly  all  of  them  the  frequency  of  the 
pulse-rate  was  reduced  as  much  as  twenty  to  thirty 
beats  per  minute,  the  enlargement  of  the  thyroid  was 
greatly  diminished,  and  the  nervous  condition  of  the 
patient  was  very  much  improved.  He  suggests  that 
the  galvanic  treatment  should  be  carried  out  by  the 
patients  themselves  three  times  a  day,  and  also  at  other 
times  if  the  palpitation  of  the  heart  should  become 
severe.  He  advises  that  a  current  of  two  to  three 
milliamperes  should  be  applied  for  six  minutes ;  the 
anode  to  the  region  of  the  lower  cervical  spine,  the 
kathode  to  the  side  of  the  neck,  labile  from  the  mastoid 
process  to  the  clavicle.  The  two  sides  of  the  neck 
should  be  treated  alternately,  and  the  patient  should 
persevere  with  the  treatment  for  two  months  at  least. 
Dr.  Cardew  has  also  proved  that  the  diminished  resist- 
ance of  the  body  which  had  been  observed  in  this  dis- 
ease is  due  simply  to  the  increased  perspiration  and 
moisture  of  the  skin. 

We  have  in  one  case  seen  remarkable  improvement 
follow  the  faradic  bath  after  patient  treatment  by  gal- 
vanism applied  locally  had  failed  to  do  any  good. 

•  "Lancet,"  July,  1891. 
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CHAPTER  XII. 
The  Nervous  System  {Continued). 

The  spinal  cord.  Treatment  of  paralysis.  Myelitis.  Locomotor 
ataxy.  Infantile  paralysis.  Progressive  muscular  atrophy. 
Diphtheritic  paralysis.  Paralysis  after  specific  fevers.  Lead 
palsy. 

213.  The  spinal  cord — The  spinal  cord  can  be 
easily  reached  by  the  galvanic  current,  less  easily  by 
the  faradic.  The  use  of  galvanism  in  disease  of  the 
spinal  cord  is  indicated  for  the  sake  of  its  stimulating, 
vasomotor,  akerative  and  catalytic  effects  (§175),  and 
treatment  has  been  'followed  by  very  good  results  in 
many  cases  of  simple  functional  disturbances,  and  also 
to  a  less  degree  in  chronic  degenerations. 

The  current  should  usually  be  applied  longitudinally, 
with  large  electrodes  (stabile)  five  to  twenty  milliamperes 
for  two  or  three  minutes,  the  time  may  be  prolonged 
after  the  patient  has  become  accustomed  to  the  treat- 
ment. Erb  advises  the  descending  direction  for  irritative 
states,  the  ascending  for  states  of  weakness  or  chronic 
degeneration.  When  the  disease  is  limited  to  a  small 
portion  of  the  cord,  a  transverse  direction  of  the  current 
may  be  tried,  one  pole  being  placed  on  the  vertebral 
column  over  the  affected  part,  and  the  other  pole  on  the 
tront  of  the  body  at  the  same  level. 

214.  Treatment  of  paralysis.  -  Certain  funda- 
mental principles  of  treatment  apply  to  nearly  all  cases 
of  paralysis.     There  must  be  (i)  treatment  of  the  seat 
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of  disease,  brain,  cord,  or  nerves,  as  the  case  may  be, 
and  (2)  treatment  of  the  paralysed  muscles.     The  seat 
of  disease  is  to  be  attacked  in  the  hope  of  setting  up 
trophic  or  vasomotor  changes  there,  in  order  to  remove 
the  cause  of  the  paralysis,  and  the  muscles  are  to  be 
treated  in  order  to'  maintain  their  nutrition  and  their 
activity ;  moreover,  stimulation  of  the  peripheral  parts 
may  also  act  usefully  by  influencing  the  central  organs 
through  the  medium  of  sensory  nerves,  and  in  a  reflex 
manner  may  set  up  motor  impulses  along  the  nerves  to 
the  paralysed  parts,  this  tends  to  restore  the  conductivity 
of  the  nerve  if  that  be  at  fault,  in  other  words,  such 
peripheral  treatment  has  as  its  object  the  restoration  of 
the  normal  influence  of  the  will  on  the  muscles.  When 
the  affection  is  purely  motor,  and  the  sensory  functions 
of  the  paralysed  parts  are  normal,  this  reflex  mode  of 
influencing  their  motor  centres  is  simple,  and  it  follows 
then  that  peripheral  excitation  of  a  limb  in  infantile 
paralysis,  or  of  the  face  in  BeWs  palsy,  is  clearly  in- 
dicated.    The  good  effects  obtained  by  Duchenne  from 
faradism  of  the  muscles  in  infantile  paralysis,  may  have 
been  brought  about  in  this  manner.    In  proof  of  the 
reflex  eff"ects  which  can  be  produced  when  a  nerve 
trunk  has  been  injured  and  repair  is  taking  place,  it  is 
often  noticed  that  voluntary  power  returns  a  little  before 
the  return  of  galvanic  and  faradic  irritability  in  the 
nerve  (§  167).     Here  direct  treatment  of  the  nerve 
trunk,  by  applying  the  electrodes  to  it  above  the  seat  of 
injury,  or  indirectly  through  the  agency  of  reflex  stimu- 
lation of  its  centre,  will  prove  useful,  and  will  accelerate 
recovery.    Erh  says  :  "  A  hindrance  in  the  motor  con- 
duction, which  cannot  be  overcome  by  the  will,  may 
perhaps  be  conquered  by  a  stronger  artificial  stimulation 
and  the  way  thus  made  clear  for  voluntary  excitation. 
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Hence  if  we  allow  the  electric  irritation  to  act  energeti- 
cally above  the  seat  of  lesion,  the  hindrance  may  perhaps 
be  in  this  way  removed." 

The  paralysed  muscles  are  to  be  treated  by  applica- 
tions of  the  kathode,  which  must  be  well  moistened  and 
moved  slowly  and  firmly  over  the  affected  muscles  ;  the 
current  may  be  between  five  and  ten  miUiamperes,  and 
the  duration  of  treatment  ten  minutes.    For  children 
five  milliamperes  is  quite  sufficient.    It  is  important  not 
to  use  electrodes  which  are  too  small.     The  medium 
size  (five  centimetres)  is  suitable,  and  less  painful  than 
smaller  sizes,  because  the  density  of  the  current  at  its 
surface  is  less.    If  five  miUiamperes  should  seem  to  be 
painful  to  the  child  the  current  must  be  reduced  to  four 
or  three.    In  addition  to  the  stabile  applications  the 
current  may  be  opened  and  closed  or  even  reversed 
suddenly  from  time  to  time,  for  the  sake  of  exciting 
contractions  in  the  paralysed  muscles.     The  indifferent 
electrode  is  to  be  placed  over  the  spine  in  the  neigbour- 
hood  of  the  central  lesion. 

When  faradism  is  used  a  similar  method  of  application 
may  be  adopted,  the  current  must  be  carefully  regulated, 
and  the  duration  of  treatment  must  be  shorter  (five 
mmutes).    Or  both  poles  may  be  applied  to  the  affected 
part,  one  being  buckled  round  the  limb  in  a  position 
close  to  the  nerve  trunk,  while  the  other  is  manipulated 
over  the  muscles,  or  lastly,  both   electrodes  can  be 
applied  direct  to  the  muscle.    If  the  muscles  do  not 
respond   to  faradism  it   is   better  to  use  galvanism, 
although  even  in  such  cases  faradism  is  not  altogether 
without  effect.    Duchenne  has  insisted  on  the  fact  that  a 
few  functional  and  living  fibres  may  be  present  in  a 
muscle  which  apparently  has  entirely  wasted,  and  he 
maintains  that  round  these,  as  centres,  fresh  muscle 
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fibres  can  be  encouraged  to  develop  by  patient  faradic 
treatment.  It  is  not  always  easy  to  be  quite  certain 
whether  such  surviving  fibres  are  present  or  not,  but 
he  says  that  after  long  practice  he  had  learnt  to  recog- 
nise their  presence,  even  when  their  contractions  were 
too  weak  to  produce  any  movement  in  the  bony  levers 
to  which  they  were  attached. 

215.  Myelitis. — In  acute  myelitis  electrical  treatment 
should  be  avoided  as  it  is  likely  to  do  harm.  In  chronic 
myelitis  it  may  be  employed  with  advantage  in  the 
manner  already  indicated  in  §  213.  When  there  is 
much  rigidity,  and  the  reflexes  are  excessive,  the  gal- 
vanic bath  may  afford  some  relief  to  the  symptoms."''' 

216.  Locomotor  ataxy. — Electrical  treatment  has 
not  proved  effectual  in  arresting  this  disease.  But  yet 
for  the  relief  of  some  of  the  symptoms,  and  especially 
for  the  pains,  electrical  treatment  should  be  tried,  for  it 
has  often  afforded  much  benefit.  A  few  cases  have 
been  reported  in  which  substantial  improvement  has 
followed  electricity  applied  in  the  earlier  stages  of  the 
disease. 

217.  Infantile  paralysis. — There  is  no  doubt  that 
electrical  treatment  is  of  the  utmost  value  in  this  dis- 
ease. Unfortunately  the  duration  of  the  treatment  in 
severe  cases  is  very  long,  and  it  requires  great  perse- 
verance on  the  part  of  the  physician  and  on  that  of  the 
parents  to  keep  it  up.  On  this  account  it  often  happens 
that  the  patients  treated  in  hospitals  show  more  im- 
provement than  in  private  practice.  In  the  latter  case 
the  treatment  is  naturally  a  costly  affair,  while  at  the 
hospital  this  is  not  so,  and  the  mothers  bring  their 
children  regularly  for  months.    Indeed,  in  many  cases, 

*  Steavenson  is  certain  that  the  electric  bath  is  of  great  value  for 
the  tremors  and  rigidity  of  chronic  myelitis. 
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they  are  able  to  recognise  the  improvement  in  their 
children's  muscular  powers  more  readily  than  the 
medical  officers,  and  they  are  both  willing  and  anxious 
to  continue  attendance  for  long  periods,  even  in  the  less 
promising  cases." 

The  course  of  the  disease  is  as  follows  : — the  child  is 
brought  with  a  history  of  a  past  febrile  attack,  after 
which  it  was  noticed  that  a  limb  or  limbs  had  become 
paralysed.    Power  not  returning  to  the  paralysed  parts 
the  little  patient  comes  sooner  or  later  for  medical  advice, 
with  wasting,  paralysis  and  the  reaction  of  degeneration 
in  some  or  all  of  the  aifected  muscles.    Duchenne  pointed 
out  that  of  the  muscles  affected  at  the  onset  of  the 
disease  some  may  be  more  seriously  injured  than  others, 
and  waste  more  rapidly.    The  electrical  reactions  also 
vary,  those  muscles  which  waste  rapidly  soon  develop 
the  reaction  of  degeneration,  others,  though  paralysed, 
may  retain   their  power  of  contracting  to  faradism,' 
wholly  or  partly  for  a  long  time ;  the  latter  will  improve 
even  if  not  treated,  but  their  recovery  will  be  greatly 
promoted  by  treatment.    The  others  may  not  improve  at 
all,  remaining  wasted,  and  showing  the  reaction  of  de- 
generation for  years,  or  until  their  muscular  fibres  have 
all  atrophied,  when  they  will  naturally  exhibit  no  elec- 
trical reactions  at  all. 

Duchenne  looking  at  the  disease  from  the  point  of 
view  of  faradism  only,  regarded  even  these  latter  mus- 
cles as  being  at  least  in  part  within  reach  of  treatment 
and  he  insists  that  a  very  minute  and  careful  examina- 
tion may  reveal  a  few  contractile  fibres  still  remaining 
even  after  four  or  five  or  six  years  of  paralysis  and 
atrophy.    If  such  living  fibres  can  be  found  then  they 

•  Those  private  patiehts  who  have  persevered  have  nearly  all  of 
them  improved.— H^.  E.  S.  • 
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■may  be  encouraged  by  faradism  to  develop,  and  to  act 
as  centres  for  the  growth  of  new  muscular  fibres  until 
considerable  improvement  in  size  and  power  may  be 
obtained ;  on  the  other  hand  if  no  such  living  fibres  exist 
the  prospects  of  improvement  by  faradization  or  any 
other  treatment  are  very  slender  indeed.  With  the  aid 
of  the  galvanic  current,  however,  perseverance  will 
succeed  in  greatly  improving  muscles  which  are  ex- 
tremely wasted,  and  show  complete  RD  with  greatly 
diminished  galvanic  excitability.  Complete  recovery 
must  not  be  expected  in  such  muscles,  all  that  can 
be  accomplished  by  the  treatment  is  to  make  the  most 
of  such  fibres  as  are  still  attached  to  a  living  ganglion 
cell,  and  by  stimulation  to  invite  a  further  development 
of  new  fibres  round  those  which  have  escaped.  For  the 
method  of  treatment  see  §  214. 

The  RD  may  be  fully  developed  by  the  seventh  day, 
galvanic  irritability  may  disappear  in  six  months,  or  it 
may  persist  for  four  or  five  years.  Any  muscles  or 
groups  of  muscles  may  be  affected  by  the  disease, 
perhaps  the  most  common 'seat  is  in  the  tibialis  anticus 
and  the  peronei  of  the  leg  and  the  deltoid  in  the 
arm. 

The  deformities  which  result  from  the  over  action  of 
muscles,  when  their  antagonists  are  damaged  by  this 
disease,  are  well  known.  Many  of  the  various  forms  of 
club-foot  are  produced  in  this  way,  and  originate  from 
infantile  paralysis.  It  may  be  worth  while  to  give  briefly 
the  mechanism  as  summed  up  by  Duchenne  -.—There  are 
six  muscles  (three  pairs)  with  the  special  function  of 
moving  the  foot  upon  the  leg.  (i)  The  calf  muscles 
and  the  peroneus  longus.  (2)  The  tibialis  anticus  and 
the  extensor  communis  digitorum.  (3)  The  tibiahs 
posticus  and  the  peroneus  brevis.    The  first  pair  extend 
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the  foot,  the  second  pair  flex  the  foot,  and  the  last  pair 
produce  lateral  movements. 

The  movements  of  flexion  and  extension  by  the  first 
groups  include  lateral  movements  also,  because  the  pull 
of  the  muscles  is  not  quite  direct.    When  simple  flexion 
or  simple  extension  movements  are  required,  they  are 
produced  by  the  combined  action  of  both  components  of 
each  pair  ;   thus,  the  calf  muscles  extend  and  adduct, 
while  the  peronei  extend  and  abduct,  the  tibialis  anticus 
flexes  and  adducts,  the  extensor  communis  digitorum  flexes 
and  abducts.    Of  the  remaining  pair,  the  one,  the  tibialis 
posticus,  adducts,  and  the  other,  the  peroneus  hrevis,  ab- 
ducts.     There  are  many  other  composite  movements 
carried  out  by  these  muscles,  but  individually  considered 
their  actions  are  those  just  mentioned.     The  special 
deformities  likely  to  follow  the  paralysis  of  any  of  these 
muscles,  or  of  any  combinations  of  them,  can  be  pre- 
dicted, if  their  special  action,  and  that  of  their  antago- 
nists, are  borne  in  mind.     Some  of  these  muscles  play 
an  important  part  in  preserving  the  arch  of  the  foot 
and  when  they  are  paralysed  a  tendency  to  flat  foot  is 
well  marked.     An  opposite  condition  of  exaggerated 
arch  of  the  foot  is  also  common,  it  was  first  described 
carefully  by  Duchenne,  under  the  name  of  gnffe  pied  creux, 
or  hoflow  c  aw  foot.   It  is  of  importance  in  that  it  shows 
the  effect  of  paralysis  of  the  interossei. 

the^J-T,"r!''^''*'P'™^  P^^^^"-  extend 
they  also  produce  lateral  movements  of  the  toes.  Their 
action  supplements  those  of  the  other  flexors  and  ex- 
tensors of  the  toes.  The  long  flexors,  that  is  to  say 
the  Jlexor  longus  pollicis,  flexor  longus  .nd  flexor  hrevis  digl 
t  rum,  flex  only  the  distal  phalanges,  while  the  extensof 
extensor  longus  and  hrevis  digitorum,  and  extensor  proprius  polU- 
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cis,  extend  only  the  proximal  phalanx.  In  the  absence 
of  the  antagonising  action  of  the  interossei  the  long  ex- 
tensors extend  the  first  phalanges  permanently,  and  the 
long  flexors  flex  the  second  and  third  phalanges  also 
permanently,  and  this  produces  a  claw-like  attitude  of 
the  toes.  The  abductor  and  flexor  brevis  of  the  great 
and  of  the  little  toes  act  as  the  interossei,  and  when 
they  are  paralysed  the  claw  shape  becomes  more  in- 
tensified. 

218.  Progressive  muscular  atrophy.— The  clinical 
group  of  muscular  atrophies  has  been  divided  in  recent 
years  into  two  parts,  i.  Those  owing  their  origin  to 
lesions  of  the  anterior  cornua.  2.  Those  dependent  on 
primary  disease  of  the  muscles  themselves.  Muscular 
atrophy  is  also  produced  by  neuritis  and  by  injury  to 
the  trunks  of  nerves. 

In  the  disease  known  as  progressive  muscular  atrophy, 
electrical  treatment  may  be  employed,  but  the  prospects 
of  cure  are  not  very  good.    Still  in  default  of  any  other 
better  method  of  treatment  it  is  reasonable  to  beheve 
with  Dr.  Gowers  that  the  influence  of  electricity  is  m  the 
right  direction,  and  seeing  that  patients  are  often  very 
anxious  to  make  a  trial  of  it,  it  is  quite  right  that  efl-orts 
should  be  made  to  obtain  alleviation  of  the  symptoms 
by  means  of  galvanism.     Erh  has  seen  relief,  retarda- 
tion, and  even  arrest  of  symptoms,  especially  m  early 
cases,  and  advises  treatment  of  the  spinal  cord,  par- 
ticularly the  cervical  enlargement,  which  is  so  frequently 
the  seat  of  the  most  severe  atrophic  changes.  His 
method  is  to  commence  with  the  anode  to  the  cervical 
spine   and  the  kathode  to  the  cervical  sympathetic, 
followed  by  the  kathode  to  the  spine,  and  the  anode  to 
.    *  For  a  short  abstract  of  Duchenne^s  remarks  on  the  hollow  club 
foot,  see  Erichsen^s  "  Science  and  Art  of  Surgery,"  vol.  u. 
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the  Sternum,  the  lumbar  enlargement,  or  the  peripheral 
nerves.  He  insists  especially  upon  the  importance  of  the 
action  of  both  poles  being  brought  to  bear  successively 
upon  the  affected  regions  of  the  cord.  Finally,  the 
affected  muscles  are  to  be  galvanized  (kathode,  labile) 
or  faradized,  the  indifferent  electrode  being  at  the  nape 
of  the  neck.  The  current  should  be  "  moderately 
strong,"  but  too  vigorous  a  treatment  is  not  advis- 
able. 

Erb  also  says  that  although  electrical  treatment  may 
arrest  or  retard  the  progress  of  the  disease,  that  yet  it  is 
in  no  way  a  cure,  and  that  the  curative  results  said  to 
have  been  obtained  are  generally  the  consequence  of 
errors  of  diagnosis,  especially  in  cases  of  neuritis,  in- 
fantile paralysis,  and  atrophy  after  joint  affections.  He 
also  considers  that  the  idiopathic  muscular  atrophies 
have  a  more  favourable  prognosis,  and  he  has  seen 
great  benefit  follow  electrical  treatment  in  long  stand- 
ing cases  of  that  kind.     However,  Duchenne  declares 
that  by  means  of  faradism  he  has  been  able  to  arrest 
the  progress  of  the  disease  in  an  advanced  case,*  to 
re-estabhsh  the  power  of  the  diaphragm,  which 'had 
become   seriously  involved,  to   restore  the  bulk  and 
vigour  of  an  important  muscle  (the  biceps),  to  dispel  the 
fibrillar  twitchings.  and  that  the  recovery  was  persistent 
for  several  years,  in  spite  of  the  fact  that  the  patient 
returned  to  hard  manual  labour,  a  condition  of  things 
extremely  likely  in  Duchenne's  opinion  to  bring  on  a 
relapse.     He  is  certain  that  he  has  seen  increase  in 
the  bulk  of  a  muscle  from  faradization,  indeed  he  says 
that  It  follows  fairly  often,  but  only  in  cases  where  the 

-  The  case  is  described  and  figured,  and  seems  to  have  been  un- 
doubtedly  one  of  progressive  muscular  atrophy,  Elect.  Localisee," 
3rd  tdit.,  p.  500. 
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muscle  had  not  altogether  lost  its  faradic  irritability. 
He  lays  down  precise  instructions  for  the  method  to 
be  adopted  as  follows  : — 

1 .  To  pass  the  moistened  electrodes  over  the  surface 
of  each  of  the  affected  muscles,  keeping  them  close 
together,  and  using  a  current  of  low  intensity  (primary 
current). 

2.  To  stimulate  the  muscles  moderately,  and  with  a 
current  which  is  not  interrupted  very  frequently. 

3.  To  treat  only  the  muscles  which  react  to  faradism, 
and  to  pay  most  attention  to  the  most  important  mus- 
cles, and  to  terminate  the  sitting  by  a  mild  faradization 
of  any  muscles  which  may  be  threatened  with  an  in- 
vasion of  the  disease. 

We  have  presented  the  views  of  both  these  authorities 
{Erb  and  Duchenne)  because  it  might  be  useful  to  com- 
pare together  a  series  of  cases  treated  in  each  of  the 
two  ways.  It  may  be  that  both  writers  are  to  a  certain 
extent  prejudiced,  each  in  favour  of  his  own  method, 
but  Duchenne  at  any  rate  is  willing  to  allow  that  gal- 
vanism may  be  of  use  as  an  aid  to  the  treatment  by 
faradism.  Erb  on  the  other  hand  dismisses  faradism 
by  saying  that  it  would  only  be  employed  in  the  absence 
of  a  continuous  current  battery.  Gowers  is  of  opinion 
that  if  regular  electrical  treatment  be  applied  on  one 
side  only  to  a  patient  with  progressive  muscular  atrophy 
in  both  arms,  no  difference  will  be  detected  in  the  rate 
of  wasting  of  the  two  sides. 

The  electrical  reactions  in  progressive  muscular 
atrophy  are  a  Httle  complicated,  because  the  gradual 
destruction  of  the  muscle,  fibre  by  fibre,  produces  a 
condition  in  which  some  fibres  react  normally  to  faradism 

•  For  the  muscles  most  usually  attacked,  see  Duchenne,  op.  cit., 
p.  404,  or  Gowers'  "  Diseases  of  the  Nervous  System,"  p.  359- 
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and  galvanism,  while  others  respond  only  to  galvanism, 
with  ACOKCC;  it  may  sometimes  be  possible  to 
recognise  in  a  muscle  that  a  sluggish  contraction 
appears  after  the  quick  contraction,  the  latter  bein^:- 
produced  by  the  sound  iibres  and  the  former  by  those 
which  have  the  reaction  of  degeneration. 

219.  Paralysis  after  diphtheria  The  paralysis 

which  follows  diphtheria  tends  for  the  most  part  to 
spontaneous   recovery,  unless  the  medulla  oblongata 
and  its  nerves  are  so  seriously  affected  as  to  cause 
death  by  direct  interference  with  the  respiratory  and 
cardiac  mechanisms.     The   electrical  reactions  vary. 
There  may  be  the  reaction  of  degeneration,  or  simply 
a  quantitative  diminution,  or  they  may  be  normal. 
Electrical  treatment  may  be  employed  to  hasten  re- 
covery, and  it  is  to  be  carried  out  generally  according 
to  the  plan  laid  down  in  §  214  for  the  treatment  of 
paralysis,  and  will  of  course  depend  upon  the  particular 
seat  of  paralysis  in  each  case.     The  question  whether 
diphtheric  paralysis  is  to  be  regarded  as  due  to  coarse 
changes  in  the  cord,  or  in  the  nerves,  or  whether  it  is 
not  rather  a  toxic  paralysis,  has  so  far  not  been  clearly 
settled.    The  paralysis  which  occurs  after  other  specific 
fevers,   such   as   typhoid,   small-pox,   scarlatina,  and 
others,  IS  perhaps  of  a  similar  nature.     In  some  of 
these,  however,  and  also  sometimes  after  diphtheria 
permanent  changes  are  produced,  with  symptoms  of 
chronic  myehtis  or  chronic  neuritis. 

220.  Lead  palsy.-In  paralysis  due  to  lead  the  re- 
action of  degeneration  is  usually  present,  in  fact  it  is  an 
early  symptom,  and  as  has  been  shown  (§  171)  it  mav 
precede  the  paralysis.  The  partial  reaction  of  de- 
generation may  be  present  in  some  of  the  affected 
muscles,  and  some  may  even  show  simple  diminution. 
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Erb  says  that  "  from  the  long  duration  of  lead  paralysis 
and  the  frequently  occurring  relapses,  the  condition  of 
the  electrical  excitability  may  be  considerably  compli- 
cated, indistinct,  and  confused,  so  that  sometimes  nothing 
definite  can  be  evolved  from  the  electrical  examination." 
Treatment  by  electricity  is  of  the  greatest  value,  muscles 
which  have  lost  their  galvanic  irritability  almost  com- 
pletely may  be  seen  to  recover  it  under  this  treatment, 
even  after  a  few  applications. 

As  regards  treatment,  Erb  advises  careful  galvaniza- 
tion of  the  spinal  cord,  and,  as  the  muscles  of  the  upper 
limb  are  those  most  commonly  affected,  he  carries  this 
out  by  the  appHcation  of  the  anode  (large  size)  to 
the  region  of  the  cervical  enlargement,  and  the  other 
to  the  sternum,  using  a  current  of  ten  to  twenty-five 
milliamperes,  stabile,  for  two  minutes,  the  direction  is 
then  reversed  (but  not  abruptly)  for  the  same  period, 
and  the  paralysed  muscles  are  then  galvanized  with  the 
kathode,  labile,  and  fairly  strong  currents  for  two  or 
three  minutes,  the  anode  remaining  on  the  nape  of  the 
neck.  If  the  muscles  respond  badly,  a  few  reversals  of 
current  may  be  used  at  the  termination  of  the  treatment. 

Erb  defends  the  direct  treatment  of  the  spinal  cord  on 
the  ground  that  even  if  the  lesion  in  lead  poisoning  be 
one  of  the  nerve  trunks,  and  not  of  the  spinal  cord, 
there  are  nevertheless  trophic  centres  in  the  cord  itself 
which  require  stimulation. 

Treatment  must  be  long  continued  to  obtain  good 
results.  The  value  of  faradism  in  this  disease  must  not 
be  forgotten.  Although  more  recent  writers  advise  gal- 
vanism almost  exclusively,  the  experiences  of  Dtichcnne 
prove  that  something  can  be  done  by  faradism  also. 
He  writes  that  in  lead  palsy  recovery  will  follow  the 
treatment,  "  almost  always,"  even  if  the  faradic  irrita- 
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bility  has  completely  disappeared  from  the  muscles. 
Reference  to  §  217  will  show  that  this  opinion  is  even 
a  more  confident  one  than  he  was  able  to  give  for 
muscles  which  had  lost  faradic  irritability  completely 
after  infantile  paralysis. 

Duchennes  method  is  to  use  the  primary  current,  with 
rapid  interruptions,  and  a  powerful  stimulation,  for  ten 
minutes ;  the  treatment  should  not  be  prolonged  beyond 
that  time  lest  fatigue  and  pain  be  produced. 

He  has  commonly  found  distinct  improvement  after 
ten  or  twenty  sittings,  even  if  the  affection  is  of  long- 
standing.     The  deltoid  recovers   quickly,  the  radial 
extensors  quicker  than  the  ulnar.    Duchenne  advises  to 
determine  which  of  the  extensors  of  the  wrist  are  af- 
fected, in  order  to  apportion  the  treatment  to  each  of 
them  in  a  proper  manner.    He  does  this  by  telling  the 
patient  to  raise  the  forearms  and  pronate  them.    If  the 
muscles  are  all  three  of  them  paralysed  there  is  then  no 
power  of  extending  the  wrist  at  all.    If  the  extensor 
carpi  radialis  brevior  can  act,  extension  of  the  wrist  is 
possible  when  the  fingers  are  first  flexed.    If  the  ex- 
tensor  carpi  radialis  longior  can  act,  then  slight  extension 
is  associated  with  abduction,  and  if  the  extensor  carpi 
ulnaris  can  act,  there  will  be  adduction. 

It  is  extremely  important  when  the  lead  poisoning  is 
a  result  of  the  patient's  occupation  that  he  should  be 
advised  to  give  it  up  altogether,  otherwise  relapses  are 
almost  certain  to  follow  his  return  to  work.  When  the 
the  patient  returns  to  his  occupation  partly  cured,  before 
the  end  of  his  long  treatment,  he  is  almost  certain  to 
relapse. 
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CHAPTER  XIII. 
The  Nervous  System  (Continued). 

Injuries  of  nerves.  Pressure  palsy.  Neuritis.  Facial  palsy.  Para- 
lysis of  ocular  muscles.  Neuralgia.  Sciatica.  Spasm.  Wry 
neck.  Writer's  cramp.  Tetany.  Anaesthesia.  Anosmia.  Op- 
tic atrophy.    Nervous  deafness.    Muscular  atrophies. 

221.  Injuries  of  nerves. — From  what  has  been  said 
in  §§  i66  to  169  it  follows  that  injuries  of  nerves  are 
likely  to  be  followed  by  the  reaction  of  degeneration  in 
the  muscles  which  they  supply,  and  this  does  always 
follow  if  the  injury  to  the  nerve  has  been  sufficiently 
severe.  But,  as  such  injuries  may  be  of  any  degree  of 
severity,  it  will  be  found  that  the  reaction  of  degenera- 
tion is  not  invariably  produced,  for  in  the  slighter  cases 
the  nerve  recovers  before  degenerative  changes  have 
had  time  to  follow,  or  indeed  the  injury  may  be  of  such 
a  kind  as  to  impair  both  motor  and  sensory  conduction 
for  a  time  without  interfering  with  what  may  be  called 
the  trophic  conductivity  of  the  nerve  trunk  or  setting  up 
an  actual  neuritis. 

In  the  examination  of  cases  in  which  an  injury  to  a 
nerve  is  suspected  the  anatomical  arrangement  of  the 
nerve  supply  must  be  carefully  kept  in  mind. 

The  phenomena  produced  in  marked  cases  of  injury 
to  nerves  are  loss  of  motor  power,  impairment  or  loss  or 
perversion  of  sensation,  and  diminished  temperature  in 
the  area  of  distribution  of  the  nerve,  with  trophic 
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changes  in  the  muscles  (RD)  and  in  the  skin.  The 
"glossy"*  skin  of  nerve  trunk  disease  is  well  known, 
and  easily  recognised. f  Certain  nerves  are  especially 
subject  to  injury,  those  of  the  upper  extremity  being 
affected  in  a  very  large  proportion  of  the  cases.  The 
commonest  causes  are  : — i.  Division  or  laceration  of 
nerve  trunks  in  accidental  wounds,  particularly  wounds 
about  the  wrist  from  broken  glass.  2.  Severe  inflam- 
mation round  the  wrist  or  elbow  joints.  3.  Contusions, 
especially  of  the  shoulder  or  the  elbow,  or  dislocations 
of  the  same  parts.  4.  In  fractures  of  the  upper  limb, 
too,  the  nerve  may  be  involved  in  the  callus  thrown  out 
during  the  process  of  repair. 

Electrical  treatment  is  of  the  greatest  value  in  all 
cases  of  injury  to  the  nerves.  In  many  of  the  less 
severe  cases  electrical  treatment  is  sufficient  by  itself 
for  the  restoration  of  the  normal  condition.  When  the 
nerve  has  been  completely  divided,  the  electrical  treat- 
ment becomes  an  important  adjunct  to  the  surgical 
procedures  which  are  necessary  for  the  union  of  the 
divided  nerve. 

When  the  ulnar  nerve  has  been  completely  divided 
near  the  wrist  the  symptoms  produced  are  : — i.  Paraly-- 
sis  with  wasting  and  the  reaction  of  degeneration  in  the 
hypothenar  eminence,  in  all  the  interossei,  in  the  two 
ulnar  lumbricales,  and  in  the  adductor  and  flexor  brevis 
(inner  head)  of  the  thumb.  After  a  time  the  deformity 
known  as   the  "clawed   hand"  is  produced.  The 

*  The  fingers  become  tapering,  smooth,  hairless,  almost  void  of 
wrmkles,  glossy,  pink  or  ruddy,  or  blotched  as  if  with  permanent 
chilblams.    Paget,  "  Med.  Times  and  Gazette,"  1864. 

t  For  a  valuable  work  on  the  subject  of  Injuries  to  Nerves  and 
good  coloured  illustrations  of  glossy  skin,  &c.,  see  Bowlby  "  Injuries 
and  Diseases  of  Nerves." 


328  MEDICAL  ELECTRICITY. 

palm  becomes  thin  and  flat,  the  heads  of  the  meta- 
carpal bones  become  unduly  prominent,  the  proximal 
phalanges  are  over-extended,  the  distal  phalanges  are 
permanently  flexed.    This  is  the  result  of  the  paralysis 
of  the  interossei.    It  has  already  been  shown  (§  217) 
that  in  the  foot  the  action  of  the  long  flexors  of  the  toes 
is  to  flex  the  distal  phalanges  only,  and  that  of  the  long 
extensors  is  to  extend  the  proximal  phalanges,  and  that 
when  the  interossei  are  paralysed  the  clawed  attitude  of 
the  toes  is  produced  in  consequence.     The  mechanism 
is  the  same  in  the  case  of  the  hand,  the  interossei  flex 
the  proximal  phalanges  and  extend  the  distal  ones ;  and 
so  supplement  the  movements  of  the  fingers  which  are 
performed  by  the  long  flexors  and  extensors.     2.  Loss 
of  sensation  in  the  little  finger,  and  the  ulnar  half  of  the 
ring  finger  both  front  and  back,  and  in  the  corresponding 
part  of  the  palm  and  the  dorsum  of  the  hand.*  3. 
Trophic  changes  are  produced  in  the  skin  and  finger 
nails  of  the  anaesthetic  area,  often  with  oedema  ;  the 
temperature  of  the  part  is  lowered,  and  sometimes 
there  is  very  severe  pain  of  a  burning  character,  to 
which  the  name  of  "  causalgia  "  has  been  given,  this  is 
not  very  common,  nor  is  it  usually  present  when  the 
nerve  has  been  completely  divided.     When  it  exists 
the  temperature  is  raised  above  that  of  the  opposite 
side,  and  the  patient  experiences  a  sensation  of  heat, 
and  seeks  for  rehef  by  cold  appHcations. 

After  division  of  the  median  nerve  at  the  wrist  the 
conditions  are  different,  the  clawed  hand  which  is  so 
characteristic  of  the  divided  ulnar  nerve  is  not  present, 
and  the  chief  feature  is  the  wasting  of  the  thenar  emin- 
ence, the  abductor,  opponens  and  outer  head  of  the  fiexov 
hrevis  of  the  thumb  are  paralysed,  atrophied,  and  show  the 
*  Bowlby  "loc.  cit." 
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reaction  of  degeneration.  There  is  loss  of  sensation  in 
the  thumb,  index,  middle,  and  half  the  ring  fingers,  and 
in  the  corresponding  part  of  the  palm,  and  of  the  two 
distal  phalanges  of  the  same  fingers  on  the  dorsum  of 
the  hand. 

For  the  symptoms  following  the  division  of  other 
nerves  Mr.  Bowlhys  book  should  be  consulted. 

222.  Pressure  paralysis — The  musculo-spiral  nerve 
is  often  injured  from  the  pressure  of  a  crutch,  or  from 
the  weight  of  the  body  resting  upon  the  arm  during 
heavy  sleep.  In  crutch  palsy  the  pressure  upon  the 
nerve  is  higher  up  the  arm,  and  the  triceps  is  usually 
paralysed.  In  sleep  palsy  the  triceps  may  escape.  As 
the  musculo-spiral  nerve  supplies  the  extensors  of  the 
forearm,  hand  and  fingers,  and  the  supinator  longus  and 
brevis,  wrist-drop  is  produced  in  this  form  of  paralysis  ; 
the  affection  of  the  supinator  longus  helps  to  distinguish 
it  from  lead  palsy.  The  affection  of  sensation  may  be 
slight  or  severe. 

Paralysis  from    pressure   has  been  thought  to  be 
secondary  to  compression  of  the  blood-vessels  of  the 
limb  producing  anemia  of  the  nerve,  but  a  case  which 
came  under  our  observation  some  years  ago  of  a  pres- 
sure palsy  in  the  leg  points  rather  against  this  view. 
In  that  case  the  pressure  was  on  the  great  sciatic  nerve 
at  the  back  of  the  thigh,  and  there  could  not  have  been 
any  compression  of  the  femoral  artery.    The  patient  was 
a  young  man  who  attended  a  meeting,  and  in  order  to 
have  a  better  view  of  the  proceedings  he  sat  upon  the 
back  rail  of  his  chair ;  at  the  close  of  the  meeting  he 
was  unable  to  use  his  leg  and  was  assisted  home.  The 
treatment  consisted  in  faradism  of  the  limb,  and  re- 
covery followed  in  a  week  or  two.     There  was  paralysis 
of  the  calf  muscles,  of  the  tibiaHs  anticus,  and  of  the 
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peronei,  the  extensors  of  the  leg  were  not  affected. 
Sensation  was  unaffected. 

Pressure  palsies  may  be  treated  by  faradism  or  by 
galvanism.  In  the  milder  cases,  when  the  electrical 
reactions  are  not  impaired,  faradism  is  generally  enough 
to  bring  about  a  favourable  result ;  in  the  more  severe 
cases,  where  the  reaction  to  faradism  is  weakened  or 
abolished,  galvanism  is  to  be  used,  in  the  manner  al- 
ready laid  down  for  the  treatment  of  paralysis  (§  214). 

When  the  reaction  of  degeneration  is  present  the 
duration  of  the  paralysis  will  be  longer  than  in  the 
milder  cases,  and  the  prognosis  must  also  be  a  guarded 
one,  until  the  actual  condition  of  the  nerve  at  the  seat 
of  injury  can  be  made  out. 

In  those  cases  where  there  has  been  complete  division 
of  a  nerve,  recovery  cannot  be  expected  until  after  the 
divided  ends  of  the  nerve  have  been  united.  When 
that  has  taken  place,  electrical  treatment  will  greatly 
assist  the  restoration  of  the  paralysed  and  wasted  parts, 
even  though  a  year  or  more  has  elapsed  since  the  injury, 
and  in  cases  where  the  atrophy  and  degeneration  of  the 
muscles  has  been  extreme. 

Some  of  the  cases  of  severe  contusion  of  the  nerve 
trunks  are  not  relieved  by  electrical  treatment.  If  the 
nerve  has  been  permanently  damaged  by  the  injury  it 
has  received,  then  degeneration  and  atrophy  will  set  in 
and  will  progress  in  spite  of  the  most  assiduous  electri- 
cal or  other  treatment ;  fortunately  it  is  not  usual  for  the 
nerve  to  be  so  completely  destroyed,  and  in  most  cases, 
even  of  severe  injury  to  the  nerves,  persevering  treat- 
ment will  do  very  much  to  promote  recovery. 

Duchenne  says  that  "  assuredly  it  is  in  cases  of  trau- 
matic paralysis  of  the  nerves  that  faradization  yields  the 
most  fortunate  results."    He  has  remarked  that  the 
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return  of  painful  sensations  in  a  previously  anaesthetic 
part  is  a  favourable  symptom,  and  has  observed  that 
electrical  reactions  (to  faradism)  may  not  return  until 
after  the  power  of  voluntary  movement  has  been  re- 
established. 

He  is  satisfied  that  it  is  unwise  to  trust  too  much  to  the 
chance  of  spontaneous  recovery  after  injury  of  nerves, 
and  has  seen  electrical  treatment  afford  immediate  bene- 
fit in  a  case  for  which  the  expectant  treatment  had  done 
nothing  during  a  twelvemonth.  He  advises  faradism 
applied  to  each  paralysed  muscle  in  proportion  to  its 
degree  of  paralysis,  and  is  of  opinion  that  the  continu- 
ous current  with  interruptions  is  a  valuable  auxiliary  to 
faradic  treatment. 

Where  possible  the  anode  should  be  applied  to  the 
nerve  trunk  above  the  seat  of  injury,  and  the  kathode 
labile  to  the  paralysed  muscles,  with  interruptions  or 
reversals. 

223.  Paralysis  of  the  deltoid  muscle  The  cir- 
cumflex nerve  is  sometimes  injured  by  blows  on  the 
shoulder,  by  dislocation  of  the  shoulder  joint,  or  in  other 
ways,  thus  it  may  be  present  in  crutch  paralysis.  The 
symptoms  are  inability  to  move  the  arm  outwards  (ab- 
duction). 

Sometimes  it  happens  that  the  anterior  parts  of  the 
deltoid  muscle  may  be  affected  while  the  posterior  part 
escape,  or  vice  versa  ;  the  nerve  supply  of  the  muscle  is 
by  two  distinct  branches  of  the  circumflex  nerve,  one 
passing  beneath  the  humerus  to  the  posterior  half  of  the 
muscle,  and  the  other  turning  upwards  to  the  anterior 
part.  Either  of  these  branches  may  bear  the  brunt  of 
an  injury. 

The  skin  over  the  deltoid  also  receives  filaments  from 
the  circumflex  nerve,  and  loss  of  sensation  there  may  be 
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associated  with  the  muscular  paralysis.  In  a  patient 
under  our  care  lately  there  was  partial  reaction  of  de- 
generation and  wasting  in  the  posterior  part  of  the 
deltoid,  while  the  anterior  part  was  normal;  the  cause 
of  the  injury  was  an  abscess  at  the  back  of  the  shoulder 
for  the  evacuation  of  which  a  long  incision  had  been 
made ;  there  was  a  patch  of  anaesthesia  over  the  para- 
lysed area.  The  muscle  recovered  perfectly  under 
galvanism. 

224.  Neuritis. — Nerves  which  have  been  injured 
may  become  the  seat  of  a  chronic  neuritis,  and  this  may 
spread  along  the  nerve  and  prove  very  troublesome,  and 
it  may  even  lead  to  permanent  damage  to  the  nerve 
trunk. 

When  the  parts  around  a  nerve  are  inflamed  the 
nerve  trunk  may  share  in  the  morbid  process,  or  neuritis 
may  be  produced  by  the  gradual  compression  of  a  nerve 
in  a  mass  of  fibrous  tissue.  In  these  cases  a  dissection, 
to  free  it  from  the  scar  tissue  which  is  compressing  it,  is 
indicated.  Neuritis  also  develops  in  the  course  of 
certain  diseases,  for  instance  after  some  specific  fevers, 
and  part  of  the  symptoms  of  locomotor  ataxy  are 
probably  due  to  a  neuritis  of  the  peripheral  nerves. 
The  condition  known  as  alcoholic  neuritis  has  attracted 
a  good  deal  of  attention  of  late  years.  Neuritis  may 
also  be  produced  by  cold  and  exposure.  The  chief 
diagnostic  feature  of  the  forms  of  neuritis  is  the  occur- 
rence of  pain  associated  with  the  paralysis,  wasting,  and 
impaired  sensation,  the  pain  is  an  important  aid  to 
diagnosis.  Often  there  is  thickening  and  tenderness 
of  the  affected  nerve  trunks  which  can  be  felt,  and  the 
muscles  are  also  tender  in  many  cases  (Gowers). 

In  the  acute  stages  of  neuritis  electrical  treatment  is 
not  to  be  recommended,  in  those  which  are  not  acute 
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the  anode  is  to  be  used  stabile  or  labile  over  the  affected 
parts,  the  kathode  being  placed  either  on  a  sound  part 
of  the  same  nerve  higher  up  or  else  on  the  nape  of  the 
neck ;  a  current  of  five  to  ten  milliamperes  should  be 
used  for  ten  minutes  at  a  sitting. 

In  cases  of  long  standing  where  the  morbid  process 
is  one  of  chronic  interstitial  change,  the  kathode  from 
its  stimulating  properties  is  preferable.  When  the 
cause  of  the  neuritis  is  not  still  existent,  great  improve- 
ment may  be  obtained  by  treatment,  but  not  very  quickly, 
the  electrical  applications  must  be  persevered  in  for 
.  months,  and  it  is  surprising  how  much  benefit  will 
follow  even  where  the  wasting  and  the  reaction  of 
degeneration  have  been  most  marked.  AlcohoHc  neu- 
ritis affects  especially  the  extensors  of  the  wrist  and 
fingers,  the  flexors  of  the  foot  and  the  extensors  of  the 
toes,  producing  a  condition  of  "wrist-drop"  and  "foot- 
drop  "  (Buzzard)  but  the  neuritis  is  often  a  general  one 
and  any  other  parts  may  be  affected. 

225.  Paralysis  of  ocular  muscles.— All  the  various 
forms  of  paralysis  of  these  muscles  may  be  treated  by 
galvanism.  Occasionally  from  exposure  to  cold  a  para- 
lysis of  some  of  the  ocular  muscles  is  set  up  of  a  similar 
nature  to  the  ordinary  "  rheumatic  "  facial  paralysis. 

Treatment  is  compHcated  by  the  difficulty  of  reaching 
the  muscles  by  electricity.  Their  deep-seated  position, 
the  proximity  of  the  brain  and  the  retina,  and  the  sensi- 
tiveness of  the  conjunctiva  all  help  to  make  it  practically 
impossible  to  excite  contractions  in  them. 

It  has  been  proposed  to  use  a  fine  electrode  and  intro- 
duce it  into  the  conjunctival  sac  after  that  has  been  ren- 
dered insensitive  by  cocaine.  Usually,  however,  good 
results  have  followed  a  longitudinal  galvanisation  of  the 
skull,  the  kathode  being  placed  stabile  upon  the  closed 
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eyelid.    A  current  of  i  to  5  milliamperes  and  a  dura- 
tion of  30  to  60  seconds  are  recommended  by  Evh.  Dr, 
Buzzard'''  has  recommended  the  use  of  the  index  finger 
covered  by  damp  musUn  as  the  active  electrode  (see 
§  189,  hand  electrode)  or  small  sponges  may  be  used. 
They  are  soft  and  readily  adapt  themselves  to  the 
surface  of  the  eyelid.    The  reflex  effect  of  faradizing 
the  skin  of  the  face  may  also  be  tried,  as  recommended 
for  the  treatment  of  facial  paralysis.    Dr.  Gowers  is  of 
opinion  that  electrical  treatment  is  of  little  use  in  the 
treatment  of  paralysis  of  the  ocular  muscles,  though 
granting  that  a  shght  temporary  increase  of  power  may 
be  observed  after  the  current  has  been  applied  for  a 
few  minutes ;  at  the  same  time  that  fact  should  afford 
grounds  for  hoping  that  benefit  might  follow  systematic 
and  prolonged  treatment.    Dr.  Buzzard  has  reported 
two  cases  where  permanent  improvement  did  follow 
galvanism. 

226.  Facial  paralysis.— This  is  a  common  form  of 
paralysis,  and  very  frequently  comes  under  electrical 
treatment. 

If  we  except  those  cases  of  paralysis  of  the  facial 
muscles  which  form  part  of  hemiplegia  the  remainder 
usually  depend  upon  disease  of  the  "  lower  segment," 
that  is  to  say,  of  the  nerve  trunk  and  its  nucleus  of 
origin,  and  of  these  the  commonest  seat  is  in  the  nerve 
trunk. 

It  follows  that  the  reaction  of  degeneration  is  likely  to 
be  present  in  a  large  number  of  cases  of  facial  palsy, 
and  a  case  carefully  watched  and  treated  from  the 
commencement  offers  one  of  the  best  introductions  to 
the  subject  of  electrical  diagnosis  and  therapeutics.  In 
all  but  the  slightest  cases  of  disease  of  the  facial  nerve 
«  "  Lancet,"  vol.  ii.,  p.  485.  1875.    "  Brain,"  1890. 
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the  faradic  reaction  disappears  within  the  first  ten 
days,  often  within  the  first  week.  If  the  patient  is 
tested  daily,  the  gradual  diminution  of  faradic,  and 
exaltation  of  galvanic  irritability  will  be  clearly  seen. 
In  testing  the  muscles  it  is  well  to  bear  in  mind  that 
the  skin  of  the  face  is  sensitive,  and  the  muscles  are 
near  the  surface,  strong  currents  are  therefore  unneces- 
sary, and  must  be  avoided.  For  the  importance  of  the 
electrical  reactions  in  prognosis  see  §  170. 

The  part  of  the  nerve  which  is  usually  at  fault  is 
that  which  passes  along  the  Fallopian  aqueduct. 

In  this  part  a  very  little  swelling  of  the  nerve  or  of 
the  walls  of  the  aqueduct  is  sufficient  to  cause  com- 
pression of  the  nerve  fibres.  Disease  of  the  ear  and 
exposure  to  cold  are  the'  commonest  exciting  causes. 

The  electrical  treatment  should  be  in  accordance  with 
what  has  been  laid  down  for  paralysis  in  general,  viz.  : 
galvanism  to  the  seat  of  lesion,  direct  galvanism  of  the 
affected  nerve  and  muscles,  and  reflex  stimulation  by 
faradism  of  the  skin  of  the  face;  treatment  may  be 
commenced  at  once.  For  reaching  the  seat  of  injury 
the  transverse  galvanization  of  the  skull  (§  184)  is  ad- 
vised with  the  electrodes  behind  the  ear  or  below  it,  the 
anode  stabile  on  the  affected  side.  Then  the  nerve  and 
muscles  may  be  treated  with  the  kathode,  each  of  the 
main  branches  of  the  nerve  being  stroked  in  a  labile 
manner  from  centre  to  periphery,  and  each  muscle 
being  treated  with  the  same  pole  stabile  for  half  a 
minute,  while  the  anode  remains  as  at  first.  Lastly, 
the  skin  of  the  face  may  be  gently  faradized  with  a 
moistened  electrode.  In  older  cases  the  faradization 
may  be  more  vigorously  applied  with  the  metallic  brush. 

227.  Neuralgia.— This  morbid  state  offers  a  field  as 
wide  as  it  is  successful  to  the  electro-therapeutist  {Erb). 
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Severe  nervous  pains  which  might  fairly  be  called 
neuralgic  are  often  present  in  cases  of  injury  or  disease 
of  nerves,  but  in  many  cases  of  neuralgia  nothing  so 
definite  can  be  found.  Fagge"^'  recognises  two  distinct 
affections  in  what  is  commonly  called  neuralgia,  he 
thinks  that  one  is  really  due  to  peripheral  irritation, 
but  that  it  is  not  an  irritation  applied  to  the  painful 
nerve,  so  that  the  patient  is  mistaken  in  his  interpreta- 
tion of  the  local  sign.  This  is  sometimes  called  reflex 
neuralgia,  as  an  instance  he  cites  the  trigeminal  neu- 
ralgia so  often  excited  by  disease  of  a  tooth.  In  the 
other  form  of  neuralgia,  of  which  sciatica  may  be  taken 
as  an  example,  there  is  every  reason  to  believe  that  the 
morbid  process  begins  in  the  trunk  of  the  nerve  which 
seems  to  be  the  seat  of  pain. 

The  electrical  treatment  of  neuralgia  may  take  either 
of  two  different  directions.    In  the  more  rational  one 
the  action  of  the  anode  is  brought  to  bear  upon  the  seat 
of  pain  with  the  object  of  inducing  a  state  of  anelectro-  ' 
tonus,  in  the  hope  that  its  sedative  effects  may  gradually 
leave  a  permanently   soothing  impression  upon  the 
nerve.    In  the  other  the  principle  of  counter-irritation 
is  followed,  and  by  the  production  of  painful  cutaneous 
impressions  it  is  sought  to  create  a  diversion  as  it  were 
in  the  nature  of  the  impulses  conducted  along  the  nerve, 
and  so  to  remove  its  neuralgic  condition.  Counter- 
irritation   is   a  very  popular  treatment  for  neuralgic 
pains,  and  galvanism  or  faradism  affords  a  counter- 
irritant   of  great  convenience  in  apphcation.  Elec- 
trical counter-irritation  has  the  great  advantage  that 
it  does  not  damage  or  destroy  the  skin  in  the  way 
that  blisters  or  the  cautery  do.    The  electrical  treat- 
ment of  neuralgia  is  not  to  be  followed  blindly.  In 
•  "  Principles  and  Practice  of  Medicine." 


DISEASES  OF  THE  NERVOUS  SYSTEM.  337 

every  case  which  offers  itself  a  minute  and  careful 
search  should  be  made  for  any  local  cause  or  general 
morbid  condition,  and  medical  treatment  must  be 
brought  to  bear  upon  them  when  they  are  found. 
Electrical  treatment  is  of  especial  value  in  cases  where 
no  exciting  cause  of  the  neuralgia  can  be  discovered,  or 
where  it  cannot  be  remedied  by  ordinary  treatment. 
There  are  very  many  such  cases,  and  electrical  treat- 
ment often  affords  speedy  relief.  We  have  already 
referred  to  the  neuralgic  pains  of  tabes  dorsalis ;  in  this 
disease,  and  in  other  general  morbid  conditions  such  as 
debility,  anteniia,  and  hysteria,  neuralgic  symptoms  are 
common  and  sometimes  severe,  and  electrical  treatment 
should  be  tried. 

When  painful  points  are  present  in  a  case  of  neuralgia 
they  are  to  be  attacked  by  the  stabile  action  of  the 
anode.  These  painful  points  were  described  by  Valleix, 
and  shown  to  correspond  to  spots  at  which  the  cutane- 
ous nerves  emerge  from  bony  canals  or  fasciae,  but 
perhaps  they  merely  signify  a  general  tenderness  of  the 
nerve  trunk,  which  is  most  manifested  at  those  particu- 
lar places  where  they  are  most  subject  to  pressure. 

228.  Trigeminal  neuralgia  Without  going  into 

the  description  of  the  various  kinds  of  neuralgia  it  may 
be  as  well  to  consider  for  a  moment  neuralgia  of  the  fifth 
cranial  nerve  and  sciatica.  The  fifth  nerve  is  perhaps 
the  commonest  seat  of  neuralgia,  and  in  very  m^any 
cases  its  condition  is  one  of  "reflex  neuralgia,"  the 
teeth  in  particular  being  very  commonly  at  fault,  next 
in  frequency  errors  of  refraction  should  be  looked  for. 
But  not  all  cases  of  trigeminal  neuralgia  can  be  traced 
to  an  exciting  cause,  and  the  most  severe  form,  known 
as  tic  doiiloiireiix,  is  often  present  when  no  source  of 
irritation  can  be  found.     Duchenne's  treatment  for  all 
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forms  of  neuralgia  (except  those  in  which  some  gross 
lesion  of  the  nerve  was  present)  consisted  in  severe 
faradization  of  the  painful  area  after  drying  and  powder- 
ing the  skin  to  diminish  its  power  of  conduction.  In 
this  way  he  endeavoured  to  limit  the  action  to  the 
cutaneous  surface.  If  the  skin  were  not  first  dried  the 
current  penetrating  the  tissues  to  the  trunk  of  the  nerve 
was  Hkely  to  do  harm  instead  of  good. 

He  reports  one  or  two  cases  of  severe  tic  doulouretix 
which  derived  great  benefit  from  this  mode  of  cutaneous 
faradisation,  but  confesses  that  his  successes  were  rare. 

In  facial  neuralgia  statical  treatment  by  the  pencil 
method  (§  95)  will  sometimes  effect  a  cure.  If  the  case 
is  obstinate  small  sparks  may  be  taken  from  the  painful 
region.  Daily  applications  should  be  resorted  to,  and 
in  very  acute  attacks  two  or  three  applications  may  be 
made  in  one  day.  Tic  douloureux  will  sometimes  dis- 
appear as  if  by  magic  by  simple  positive  chargmg. 

The  stabile  action  of  the  anode  to  the  painful  part  is 
often  of  use  in  trigeminal  neuralgia. 

229  Sciatica.— In  this  complaint,  treatment  is  much 
more  favourable.  Ducheme  says  that  after  the  applica- 
tion of  the  dry  brush  the  patient  is  astonished  to  find  all 
the  pain  of  the  sciatica  gone,  and  though  he  tries  to 
provoke  its  return  by  movements  of  the  leg  and  foot, 
it  does  not  do  so.  Sometimes  a  single  treatment  dispels 
the  sciatica  completely,  at  other  times  the  pam  returns 
after  a  few  hours  of  absence,  and  the  treatment  must  be 
repeated,  but  cure  may  be  expected  after  four  or  six  or 

eight  sittings. 

Prognosis  is  good  if  the  first  treatment  produces  even 
a  temporary  relief  from  the  pain. 

Steavenson^  has  pubhshed  an  account  of  sixty  cases  of 
'  "  Lancet,"  Jan.,  1884,  July,  1886. 
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sciatica  treated  by  electrical  applications,  of  this  num- 
er  thirty-seven  were  cured,  eleven  were  improved,  two 
failed,  and  the  remainder  were  uncertain.  The  method 
employed  was  to  apply  the  kathode  labile  to  the  back 
of  the  thigh  along  the  course  of  the  sciatic  nerve,  and 
over  the  lower  portion  of  the  spine,  while  the  anode  was 
placed  on  the  abdomen.  The  application  lasted  at  each 
seance  for  eight  to  ten  minutes,  and  the  integument 
over  which  the  electrode  had  passed  became  suffused 
with  a  bright  blush,  the  patient  experiencing  a  glowing 
feeling  of  warmth  in  the  same  track.  The  stiffness  of 
the  muscles  was  also  reHeved,  and  the  patient  was  able 
to  bend  down  and  get  up  from  a  sitting  position  with 
great  ease  for  several  hours,  even  after  the  early  appli- 
cations. In  the  galvanic  treatment  of  neuralgic  pains 
large  electrodes  should  be  used,  it  has  even  been  pro- 
posed to  use  electrodes  large  enough  if  possible  to  cover 
the  whole  of  the  affected  area  at  once  {Von  Ziemssen). 
Lumbago  is  also  quickly  relieved  by  galvanism  with  the 
anode. 

230.  Herpetic  neuralgia.— The  severe  neuralgic 
pain  which  sometimes  follows  an  attack  of  herpes  zoster 
is  said  to  be  readily  removed  by  the  application  of  the 
anode.    See  a  case  reported  by  Erbr' 

231.  Spasm  and  wry  neck.— There  are  several 
forms  of  spasmodic  muscular  contraction,  some  tonic 
and  some  clonic,  which  are  not  uncommon.  Spasm  is 
not  infrequently  a  reflex  phenomenon,  thus  there  may 
be  severe  spasm  of  the  muscles  of  mastication  from 
mflammation  about  the  gums  or  throat,  and  inflamed 
cervical  glands  sometimes  cause  wry  neck.  Or  there 
may  be  spasm  from  direct  irritation  of  the  nerves  as 
in  wry  neck  from  disease  of  the  cervical  vertebra. 

*  "  Electro-therapeutics,"  p.  515. 
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In  children,  and  also,  though  less  commonly,  in 
adults,  wry  neck  may  be  due  to  exposure  to  cold  or 
wet,  and  this  form  has  been  called  "rheumatic." 
Spasms  are  also  common  in  hysterical  and  emotional 
people,  and  in  such  they  may  come  on  quite  spontane- 
ously or  as  a  sequel  of  some  slight  injury.  These  may 
persist  for  years,  and  may  not  only  simulate  lateral 
sclerosis,  but  may  also  lead  to  it.  Apart  from  hysteria 
we  often  find  that  spasmodic  contractions  have  been 
brought  on  by  prolonged  mental  anxiety  or  worry.  _ 

Facial  spasm  or  histrionic  spasm  is  not  uncommon  m 
its  slighter  degrees,  and  shows  itself  usually  m  the  form 
of  twitchings  of  some  of  the  facial  muscles.  Sometimes 
the  twitchings  are  very  frequent  and  severe,  and  though 
at  first  they  can  be  controlled  by  an  effort,  they  may 
in  time  become  quite  uncontrollable.  The  commonest 
form  of  spasm,  however,  is  wry  neck  or  torUcolhs  tonic 
or  clonic  The  sterno-mastoid  is  usually  at  fault,  but 
occasionally  the  wry  neck  is  produced  by  contraction  of 
the  splenius  capitis  or  the  trapezius. 

Very  often  no  cause  can  be  found  for  the  wry  neck, 
and  perhaps  it  is  most  obstinate  in  these  very  cases. 

Electrical  treatment  has  been  often  tried  for  spasmodic 
affections,  and  it  is  very  successful  in  ^o^-^' ^ut  fails 
completely  in  others.  In  hysterical  cases,  the  faradic 
brush  or  the  application  of  static  sparks  may  always  be 
tried  with  good  prospects  of  improvement,  n  the  other 
cases  galvanism  is  better,  the  stabile  action  of  the 
anode  being  employed  over  the  affected  muscle  and 
•ts  nerves.  Erh\L  recorded  twenty  cases  of  spasm 
n  various  muscles,  almost  all  of  which  were  cured  by 
ekctrical  treatment  ;  a  few  of  them  improved  only  after 
a  vlry  large  number  of  sittings,  but  others  were  very 
;rompUy  cSred  by  three  or  four.     E.^also  found  that 
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reversals  of  the  current  were  useful  in  some  of  the 
cases. 

232.  Writer's  cramp. — This  is  the  best  known  form 
of  a  group  of  spasmodic  affections  which  are  produced 
by  prolonged  over-work  of  certain  muscles,  particularly 
when  the  work  done  is  of  a  complicated  and  highly 
co-ordinated  kind.  The  name  of  function  spasms  has 
been  given  to  this  class.  Besides  those  whose  occupa- 
tion is  writing,  violinists,  piano-players,  tailors  and 
shoemakers  are  said  to  be  subject  to  similar  spasmodic 
attacks  in  the  muscles  which  they  use  most  often.  In 
writer's  cramp  there  is  a  combination  of  muscular 
spasm  with  paralysis  ;  either  of  these  may  predominate, 
and  the  first  and  chief  seat  of  the  cramp  or  palsy  is  in 
the  intrinsic  muscles  of  the  thumb  and  in  the  first  dorsal 
interosseous ;  if  the  habit,  writing  or  what  not,  be  per- 
severed with,  other  muscles  are  made  to  take  the 
place  of  those  which  are  deranged,  and  soon  they  also 
suffer. 

Galvanism  is  of  great  value  in  this  disease,  but  it 
must  be  helped  by  the  complete  abandonment  of  the 
habit  which  has  caused  its  development. 

Dr.  Poore^'  has  paid  great  attention  to  the  subject  of 
writer's  cramp,  and  advises  the  use  of  the  continuous 
current,  he  places  the  anode  in  the  axilla,  and  the 
kathode  over  the  ulnar  nerve  just  where  it  leaves  the 
biceps  on  its  way  to  the  olecranon.  The  strength  of 
current  is  "short  of  that  which  causes  muscular  contrac- 
tion, but  is  just  sufficient  to  make  the  patient  conscious 
of  a  tingle  in  the  end  of  the  little  finger  when  the  cur- 
rent is  made  and  broken."  The  patient  is  then  made 
to  exercise  the  interossei  by  separating  and  approxi- 

*  "  Electricity  in  Medicine  and  Surgery,"  1876.  "  Medico-Chirur- 
gical  Transactions,"  1887. 
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mating  the  fingers  rhythmically.  Another  plan  recom- 
mended by  the  same  writer  is  to  place  the  anode  over 
the  median  nerve  at  the  inner  border  of  the  biceps,  and 
the  kathode  over  the  body  of  the  flexor  longus  pollicis, 
while  the  patient  is  made  to  flex  rhythmically  the  distal 
phalanx  of  his  thumb.  Other  similar  plans  including 
the  combination  of  a  descending  current  with  rhythmic 
exercises  may  be  used. 

In  Dr.  Poore's  later  article  on  writer's  cramp  he  has 
shown  that  a  good  many  patients  have  signs  of  some 
slight  central  lesion,  either  in  brain  or  cord,  the  largest 
number  do  not  show  these  signs,  but  many  of  them 
have  altered  faradic  irritability  in  the  affected  muscles, 
and  tremors  and  tenderness  of  the  nerve  trunks.  It  is 
possible  that  slight  neuritis  may  be  present  in  some  of 
these  patients. 

In  the  ^'  Centmlblatt  fur  die  gesamm.  Therap."  Ap.,  1891, 
Max  Weiss  discusses  the  electrical  treatment  of  writer's 
cramp,  and  points  out  that  three  conditions  may  be  found 
in  these  cases,  (i)  spasms,  (2)  tremors,  (3)  paralyses,  and 
sometimes  there  are  combinations  of  more  than  one  of 
these  morbid  states.  In  the  spasmodic  cases,  which  are 
usually  tonic  rather  than  clonic,  on  taking  up  the  pen, 
the  thumb,  index  and  middle  fingers,  and  especially  the 
thumb  and  index  pass  into  a  state  of  tonic  spasm  ;  the 
opponens  pollicis  and  the  flexor  proprius  pollicis,  and  the  long 
flexors  and  interossei  and  lumbricales  all  share  in  the  spasm. 
The  extensors  are  less  commonly  thrown  into  spasm,  the 
flexor  and  extensor  carpi  ulnaris  may  share  it.  Pronation 
and  supination  are  seldom  affected.  Further,  there  is 
pain  in  the  ulnar  and  median  areas,  tender  points  in  the 
arms  on  both  anterior  and  posterior  aspects,  and  at  the 
spinous  processes. 

The  disturbances  are  situated  in  the  median  and 


DISEASES  OF  THE  NERVOUS   SYSTEM.  343 

ulnar  nerves,  not  in  the  motor  cortex  nor  in  the  spinal 
cord.  The  treatment  recommended  is  the  use  of  con- 
stant currents  of  from  two  to  five  or  eight  milliamperes 
for  fifteen  to  twenty-five  minutes  with  absolute  rest 
from  writing  ;  galvanize  twice  daily  during  the  first 
weeks,  afterwards  diminishing  to  two  or  three  times  a 
week.  Anode  in  the  palm  if  extension  is  the  main 
symptom,  on  the  dorsum  if  flexion.  Kathode  to  be 
placed  on  the  nape  of  the  neck,  or  on  the  upper  and 
inner  part  of  the  arm.  Anode  may  also  be  applied  to 
the  tender  points  for  ten  to  twenty  minutes. 

In  paralytic  cases,  galvano-faradization  with  a  roller 
electrode  followed  by  the  anode  labile  to  the  affected 
muscles  is  advised.  For  tremors  of  the  affected  muscles 
the  same  procedure  should  be  adopted. 

233.  Tetany. — This  form  of  spasm,  although  not 
very  common,  deserves  mention  here,  because  of  the 
peculiar  increase  in  electrical  irritability  which  forms 
one  of  its  leading  symptoms.  There  is  also,  as  is  well 
known,  an  increased  irritability  of  the  nerves  and  mus- 
cles to  mechanical  stimulation,  and  this  is  not  confined 
to  any  particular  nerve,  although  it  has  been  most  com- 
monly observed  in  the  facial  nerve  (facial  irritability). 
The  peculiar  spasms  can  be  evoked  by  compression  of 
a  nerve  trunk  or  of  a  main  artery  of  a  limb  (Trousseau), 
or  by  a  rough  touch  over  a  motor  nerve.  Erb"^'-  first 
showed  that  the  electrical  irritability  was  also  increased 
in  this  disease. 

In  a  recent  paper  Dr.  Bernhardt-^  has  reported  three 
cases  in  which  the  electrical  reactions  were  examined, 
his  results  compared  with  the  normal  irritability  of  the 
same  nerves  are  represented  in  the  following  table,  which 

•  "  Arch.  f.  psychiatrie,"  1874,  §  271. 

f  "  Berlin.  Klin.  Wochenschrift,"  June  1891,  No.  26. 
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gives  the  current  in  milliamperes  required  to  produce 
the  first  contraction,  KCC. 


Nerve. 

Normal. 

Tetany.  3  Cases. 

Facial  .... 

o-g- 

—3  milliamperes 

0-5  — 1-5  milliamperes 

Median     .    .  . 

o-g- 

-3'3 

0-25— 1-5 

Musculo-spiral  . 

2'  - 

-5 

0-25— I-  „ 

Peroneal    .    .  . 

I-  - 

-2  „ 

0-5  — i-i  „ 

KDT  (kathodal  duration  tetanus)  and  ACC  were  also 
more  easily  produced  than  usual.  AOT  (anodal  opening 
tetanus)  which  is  a  most  uncommon  reaction,  was  also 
observed  in  one  of  the  cases.  The  irritability  to  faradism 
was  likewise  increased  in  all  three  patients.  In  the 
electrical  treatment  of  tetany  the  influence  of  the  anode 
stabile  is  to  be  directed  to  the  affected  parts,  and  the 
current  must  be  gradually  diminished  at  the  termination 
of  the  sitting  to  avoid  the  ill  effect  of  the  anodal  opening 
(compare  §  211).  The  results  of  treatment  are  said  to 
be  entirely  favourable. 

234.  Anaesthesia. — The  treatment  of  anaesthesia  is 
similar  to  that  used  for  paralysis.  The  cerebral  anaes- 
thesia which  sometimes  occurs  with  hemiplegia  is 
usually  not  permanent,  and  it  may  very  often  be  made 
to  disappear  by  a  few  applications  of  the  faradic  brush 
to  the  affected  areas.  Hysterical  anaesthesia  is  also 
easily  dispelled  in  the  same  way. 

When  paralysis  and  anaesthesia  coexist  from  disease 
of  the  spinal  cord  or  spinal  nerves,  the  prognosis  and 
the  treatment  are  similar  for  both.  Very  often  the 
anaesthesia  is  much  less  marked  than  the  paralysis,  and 
it  recovers  more  quickly  in  the  favourable  cases. 
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Anaesthesia  of  the  sensory  portions  of  the  trigeminus 
has  also  been  observed,  see  Erb,  "  Electro-therapeutics," 
p.  572.  Fagge  quotes  from  Romberg  a  case  which  came 
on  after  exposure  to  cold,  and  might  therefore  be  of  a 
similar  nature  to  the  cases  of  facial  paralysis  produced 
in  the  same  way.  Serious  disease  in  the  neighbourhood 
of  the  Gasserian  ganglion  may  also  produce  anaesthesia 
of  the  face. 

235.  Anosmia. — A  case  of  anosmia  has  recently 
been  under  treatment  in  the  electrical  department  at 
St.  Bartholomew's  Hospital,  with  a  satisfactory  result. 
The  patient  was  a  woman  in  whom  the  loss  of  smell 
had  come  on  as  a  result  of  injury.  After  twenty  sittings 
the  sense  of  smell  returned,  so  that  she  could  easily 
recognise  the  smell  of  onions.  The  treatment  followed 
was  galvanism  stabile,  the  anode  to  the  mastoid  pro- 
cesses, the  kathode  to  the  root  of  the  nose  for  ten 
minutes  twice  a  week. 

Dr.  Wahltuch  ("  Brit.  Med.  Journal,"  Sept.  1883),  has 
reported  a  case  of  loss  of  taste  and  smell  for  five  months 
after  a  severe  cold.  Galvanism  applied  to  the  nose  and 
tongue  effected  a  cure  after  six  sittings. 

236.  Optic  neuritis  and  atrophy. — Galvanism  has 
also  been  used  for  optic  atrophy  and  optic  neuritis, 
several  cases  have  been  reported  in  which  improvement 
of  sight  has  followed.  When  atrophy  comes  on  without 
previous  optic  neuritis,  the  prospects  are  considered  less 
favourable.  The  treatment  is  (i)  transverse  galvaniza- 
tion through  the  temples  with  reversals ;  (2)  longitudinal 
through  the  head,  the  anode  over  the  closed  eyelids. 
For  a  full  account  of  the  treatment,  with  reports  of  eight 
cases  by  different  observers,  see 

237.  Auditory  nerve  deafness  The  treatment 

•  "  Electro-therapeutics." 
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already  described  (§  211)  as  suitable  for  tinnitus  aurium 
may  also  be  followed  in  cases  of  nervous  deafness. 
Althaus  and  others  have  reported  successful  cases. 

Statical  treatment  by  sparks  may  be  applied  to  the 
meatus  and  to  the  tympanic  membrane  by  means  of  a 
special  form  of  spark  regulator  (§  93)  fixed  in  a  vul- 
canite speculum.  Sometimes  the  results  of  statical 
treatment  are  very  satisfactory. 

238.  Muscular  atrophy. — Apart  from  the  atrophy 
of  muscles  which  follows  disease  of  the  nerves,  or  of  the 
anterior  cornua  of  the  cord,  there  are  cases  where  the 
morbid  process  is  limited  to  the  muscles.  Thus,  a 
muscle  may  waste  from  disuse,  especially  when  the 
disuse  is  secondary  to  joint  disease  ;  such  a  state  of 
things  occurs  in  the  deltoid,  not  uncommonly  also  in 
the  extensors  of  the  leg,  after  affections  of  the  knee  joint. 

The  electrical  reactions  in  these  cases  are  natural,  or 
there  may  be  slight  qualitative  diminution,  there  is  no 
reaction  of  degeneration. 

There  is  also  another  group  of  muscular  atrophies 
which  has  been  called  "idiopathic,"  where  there  is 
extensive  wasting  of  muscles,  but  no  changes  are  to  be 
found  in  the  cord  or  nerves.  The  best  known  of  these 
is  pseudo-hypertrophic  paralysis,  here  in  the  early  stages 
the  atrophy  is  masked  by  the  deposition  of  much  adipose 
tissue  in  the  place  of  the  muscle  fibres.  In  other  forms 
of  myopathic  atrophy  there  may  be  no  such  deposition  of 
fat,  and  the  size  of  the  muscles  may  shrink  from  the  first. 
They  are  often  hereditary,  and  may  occur  in  several 
members  of  a  family.  There  is  no  reaction  of  degenera- 
tion, but  only  a  simple  diminution  to  galvanism  and 
faradism.  Not  much  good  results  have  been  obtained 
from  electrical  treatment ;  galvanism  with  weak  currents 
and  regular  faradization  have  been  recommended  and 
may  be  tried. 


ELECTRICAL  TREATMENT. 


347 


CHAPTER  XIV. 
Other  Conditions  requiring  Electrical  Treatment. 

Joint  affections.  Sprains.  Myalgia.  Ascites.  Constipation.  Ga- 
lactagogue  effects.  Nocturnal  enuresis.  Weakness  of  the 
bladder  and  incontinence.  Morbid  sexual  states.  Diseases  of 
women.  In  childbirth.  Amenorrhcea.  Chronic  metritis  and 
subinvolution.  Uterine  neuralgia.  Arrest  of  growth  of  cancers. 
Healing  of  chronic  ulcers.    Guinea  worm.    Test  of  death. 

239.  Affections  of  the  joints — A  considerable 
amount  of  attention  has  been  given  to  the  electrical 
treatment  of  joint  affections.  Dr.  Danion--'  has  found 
brisk  faradism  with  the  metalHc  brush  to  be  a  valuable 
treatment  in  the  inflamed  and  tender  joints  of  acute 
rheumatism  ;  he  reports  that  much  relief  to  the  pain 
and  tenderness  follows  at  once,  strong  currents  are  well 
borne,  and  the  presence  of  fever  is  not  a  contra-indica- 
tion  to  their  use.  Drosdof,-f  quoted  by  Erb,  makes 
similar  statements,  he  found  that  the  sensitiveness  to 
faradic  currents  was  much  lowered  over  the  affected 
joints,  and  that  treatment  daily  for  five  to  ten  minutes 
reduced  the  pain  considerably,  lowered  the  temperature 
of  the  joint,  and  shortened  the  course  of  the  case.  He 
employed  moist  electrodes  in  preference  to  the  dry 
brush.  This  treatment  might  very  well  be  tried  in 
cases  which  do  not  respond  satisfactorily  to  salicylates, 

*  "  Traitement  des  affections  articulaires  par  I'Electricite,"  Paris, 
1887. 

t  Cent,  f,  d.  Med.  Wissensch.,  1875,  17. 


348. 


MEDICAL  ELECTRICITY. 


or  when  the  patients  are  suffering  much  distress  from 
the  joint  pains. 

Danion  also  mentions  that  he  has  obtained  favourable 
results  with  faradism  in  acute  gouty  arthritis. 

In  chronic  joint  affections  also  both  the  galvanic  and 
faradic  currents  have  been  used,  the  former  should  be 
preferred.   Occasionally  a  single  joint  may  remain  dam- 
aged after  acute  rheumatism,  when  the  other  joints  have 
recovered,  or  several  joints  may  be  left  in  a  crippled 
state.    These  are  to  be  treated  by  strong  continuous 
currents,  with  large  soft  electrodes  applied  one  to  each 
side  of  the  affected  part,  and  with  reversals  occasionally. 
Effusions  (hydrops  articuli)  are  quickly  lessened,  and 
the  pain  or  stiffness  are  dispelled  after  ten  or  twelve 
sittings.    If  the  muscles  round  the  joint  show  a  ten- 
dency to  wasting  they  must  not  be  neglected,  but  must 
also  receive  treatment  with  the  kathode. 

The  same  treatment  is  to  be  tried  when  the  joint  has 
become  stiff  from  disuse,  long  bandaging,  or  old  injury. 

240.  Sprains  and  dislocations. — Here  the  con- 
tinuous current  is  the  best  application,  both  poles  are 
to  be  placed  on  the  affected  part,  large  electrodes. 
Remak  has  reported  cases  of  cure  following  the  applica- 
tion of  the  current  from  fifty  DanielVs  cells  to  sprained 
joints.  The  pain,  the  swelling,  and  the  discolouration 
all  quickly  disappear,  and  in  the  course  of  a  few  days 
or  a  week  the  parts  are  well.  Danion  prefers  faradiza- 
tion, and  has  met  with  good  results  from  its  use. 

241.  Rheumatoid  arthritis.— The  treatment  of  this 
condition  by  the  electric  bath  has  already  been  fully 
described.  The  bath  is  the  most  convenient  and  satis- 
factory mode  of  treatment,  especially  when  combined 
with  direct  galvanization  of  the  finger  joints  as  there 
laid  down.    The  warm  water  no  doubt  exercises  m 
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itself  a  considerable  influence.  The  use  of  the  con- 
stant current  without  the  bath  may  also  be  practised. 
Although  several  writers  report  favourably  on  this  dry 
galvanic  treatment  Erb  does  not  consider  that  he  has 
seen  it  produce  much  benefit.  He  is  of  opinion  that 
treatment  should  include  both  the  affected  joints,  and 
also  the  central  nervous  system  (spinal  cord,  cervical 
sympathetic). 

242.  Myalgia. — This  is  the  name  given  to  those 
pains  which  are  felt  in  over-fatigued  muscles ;  when 
patients  are  in  a  condition  of  debility,  so  trifling  an 
amount  of  muscular  exertion  may  be  enough  to  produce 
these  myalgic  pains,  that  the  connection  between  them 
and  their  true  cause  may  be  entirely  overlooked.  Hence 
myalgia  is  constantly  confounded  with  hysterical,  rheu- 
matic, spinal,  and  other  diseases.*  The  symptoms  are 
pain  in  the  muscles,  made  worse  on  movement,  and  ten- 
derness. The  skin  over  the  muscles  may  also  be  very 
tender.  The  pains  are  often  referred  to  one  of  the  ten- 
dinous insertions  of  the  affected  muscle,  and  the  trunk 
muscles  are  most  commonly  affected.  Dr.  Inmcm  men- 
tions as  common  seats  of  myalgic  pain  (i)  the  trapezius 
at  its  insertion  into  the  occipital  bone  and  into  the  spine 
of  scapula ;  (2)  the  spines  of  the  dorsal  and  lumbar 
vertebrae  (origins  of  spinal  muscles)  ;  (3)  the  front  of  the 
chest  (origin  of  pectoralis  major  and  minor)  producing 
infra-mammary  pain  ;  (4)  at  the  margins  of  the  ribs,  or 
at  the  pubes  (insertions  of  recti  abdominis). 

Myalgia  may  exist  in  persons  who  are  apparently 
healthy,  and  it  may  be  difficult  to  decide  what  is  the 
particular  cause  of  the  muscular  fatigue  which  they 
suffer  from  ;  at  the  same  time  their  pains  may  be  very 
obstinate  and  very  troublesome,  and  may  resist  all 
*  Inman  on  "  Myalgia,"  Churchill,  i860. 
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treatment  until  the  diagnosis  is  clearly  established,  and 
rest  for  the  affected  muscles  can  be  contrived.  The 
movements  v^hich  specially  aggravate  the  pain  must  be 
carefully  ascertained  in  order  to  decide  upon  the  exact 
muscle  which  is  at  fault.  Galvanism  may  so  improve 
the  tone  of  the  muscles  as  to  enable  them  to  perform 
without  fatigue  the  work  they  are  called  upon  to  do. 
Large  electrodes  and  powerful  currents,  20  to  40  milli- 
amperes,  are  to  be  used,  the  anode  to  the  painful  parts, 
the  sitting  may  be  terminated  by  a  few  reversals.  This 
is  the  method  advised  by  Erb.  He  also  mentions  that 
vigorous  faradization  to  throw  the  muscles  into  power- 
ful and  repeated  contractions  is  sometimes  useful. 

243.  Ascites. — Several  writers  have  reported  favour- 
ably of  the  treatment  of  ascites  by  faradization  of  the 
abdomen.  The  application  should  be  applied  energeti- 
cally for  fifteen  or  twenty  minutes  so  as  to  set  up 
vigorous  and  repeated  contractions  of  the  muscular 
walls  of  the  abdomen.  As  a  consequence  the  urine  is 
increased  and  the  ascites  tends  to  disappear.  The 
prospects  of  permanent  cure  of  course  depend  upon  the 
cause  of  the  ascites  in  each  particular  case. 

244.  Constipation. — Peristalsis  can  be  set  up  by 
faradization  applied  through  the  abdominal  walls,  and 
the  tendency  to  chronic  constipation  can  be  permanently 
remedied  by  its  use.  The  poles  may  be  placed  one  on 
the  lumbar  spine  and  the  other  on  the  surface  of  the 
abdomen,  they  should  be  of  large  size  ;  the  abdominal 
electrode  should  be  moved  over  the  Avhole  surface  of 
the  belly  for  a  period  of  five  or  ten  minutes.  After  a 
few  applications  the  bowels  become  more  regular.  Dr. 
Wahltuc¥'  reports  seven  cases  in  which  the  continuous 
current  produced  good  results.     His  method  was  to  use 

"  "  Brit.  Med.  Journal,"  1883,  ii.,5a3. 
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a  large  sponge  for  the  positive  pole,  and  an  ordinary 
medium  sized  negative  electrode.  The  former  was 
applied  to  the  epigastrium,  while  the  latter  was  slowly 
moved  over  the  whole  abdominal  surface,  "in  the  di- 
rection of  the  intestinal  canal  from  the  duodenum  to  the 
sigmoid  flexure,"  where  it  was  finally  fixed,  and  the 
current  of  from  five  to  thirty  Leclanche  cells  allowed  to 
pass  steadily  without  interruption  for  ten,  twenty,  or 
thirty  minutes.  The  operation  was  repeated  every 
other  day  for  periods  of  from  three  to  six  weeks.  The 
bowels  gradually  became  regular  in  their  action,  although 
all  aperients  and  enemata  were  stopped,  and  they  re- 
mained so  after  the  cessation  of  the  treatment. 

Another  plan  for  obstinate  cases  is  to  introduce  a 
bougie  electrode  (fig.  80)  into  the  rectum,  the  other 


Fig.  80. — Rectal  bougie  electrode. 

pole  being  kept  on  the  abdomen  as  before,  the  faradic 
current  should  be  employed  to  avoid  risk  of  setting 
up  ulceration  and  soreness  of  the  rectal  mucous  mem- 
brane. 

245.  Galactagogue  effects.— Faradism  applied  to 
the  mammary  glands  has  been  found  most  useful  for 
promoting  the  secretion  of  milk.  M.  Pierron'^  declared 
that  faradism  has  so  powerful  an  influence  upon  the 
mammary  gland  that  he  believes  that  even  the  breasts 
of  virgins  might  be  made  to  yield  milk  in  this  way.  He 
applies  one  electrode  (cup-shaped)  over  the  papilla,  and 

*  "  Brit.  Med.  Journal,"  1887,  i.,  p.  799. 
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moves  the  other  over  the  different  parts  of  the  gland. 
Other  cases  are  quoted  by  Drs.  Beard  and  Rockwell. 

246.  The  urinary  organs.** — The  results  obtained 
by  the  electrical  treatment  of  nocturnal  incontinence 
in  children  is  very  favourable.  By  placing  one  elec- 
trode over  the  lower  dorsal  spine,  and  the  other  on 
the  perineum,  the  whole  nervous  supply  of  the  blad- 
der can  be  included  in  the  circuit.  In  addition  to 
the  cases  which  are  due  to  phimosis,  reflex  irritation 
from  worms  and  oxaluria,  there  are  many  others  in 
which  during  sleep  the  inhibitory  influence  of  the  higher 
centres  appears  to  be  in  abeyance,  and  any  accumulation 
of  urine  in  the  bladder  excites  a  reflex  contraction  of  its 
walls,  and  consequent  expulsion  of  the  urine.  These 
cases  are  readily  cured  by  galvanism,  it  is  seldom 


Fig.  81. — Electrode  for  enuresis. 

necessary  to  introduce  the  electrode  into  the  bladder ; 
the  best  plan  of  treatment  is  to  place  the  indifferent 
electrode  upon  the  lower  dorsal  spine,  and  the  active 
electrode  (positive)  to  the  perineum,  a  small  button- 
shaped  electrode  is  most  convenient.  The  perineum  is 
a  sensitive  region,  and  strong  currents  should  not  be 
employed,  the  small  area  of  the  perineum,  especially  in 
females,  makes  it  necessary  that  the  electrode  should 
be  in  one  place  during  the  whole  of  the  application,  and 
with  a  small  electrode  there  would  be  risk  of  electrolytic 
effects  if  large  currents  were  used.  The  figure  (fig.  81) 
»  Dr.  W.  E.  Steavenson  in  "  Brit.  Med.  Journal,"  Nov.  1SS6. 
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shows  an  electrode  of  suitable  shape.  It  is  contrived  so 
that  the  washleather  cover  can  be  changed  in  a  moment. 
The  ring  of  vulcanite  is  pushed  on  over  the  piece  of 
washleather  and  holds  it  in  place. 

In  cases  of  simple  incontinence  of  urine,  when  the 
sphincter  is  not  at  fault,  and  when  the  affection  is  due 
to  the  loss  of  the  power  of  inhibition  during  sleep,  or  to 
paralysis  of  the  muscular  coats  of  the  bladder  from 
over-distension  or  other  causes,  then  one  electrode  may 
be  placed  over  the  pubes.     But  in  cases  where  there  is 
weakness  of  the  sphincter,  unless  an  electrode  is  placed 
in  the  urethra  itself,  no  doubt  the  most  advantageous 
place  for  the  second  electrode  is  the  perineum.  The 
tendency  of  all  electrical  currents  is  to  take  the  shortest 
route  possible  to  complete  the  circuit,  always,  of  course, 
choosing  the  road  offering  the  least  resistance.     If  one 
electrode  be  placed  on  the  lower  dorsal  spine,  and  the 
other  above  the  pubes,  the  sphincter  vesicse  is  almost 
completely  without  the  circuit,  and  then  receives  very 
little  direct  influence.    I  have  known  electricity  so  ap- 
plied in  the  case  of  females,  from  feelings  of  delicacy, 
when  the  sphincter  vesicae  was  no  doubt  at  fault.   If  the 
current  is  not  applied  directly  to  the  part  affected,  it  is 
best  to  dispense  with  electrical  treatment  altogether,  for 
it  most  assuredly  will  fail. 

Many  of  the  cases  I  have  had  have  been  in  females 
where  the  sphincter  was  no  doubt  at  fault.  In  one  case 
sent  to  me  by  Dr.  Matthews  Duncan,  the  urethra  had 
been  dilated  to  explore  the  interior  of  the  bladder. 
This  was  followed  by  incontinence.  Another  woman, 
after  a  difficult  labour,  always  had  incontinence  in  the 
erect  position.  This  case  was  cured  by  galvanism.  I 
have  had  several  patients  who  have  been  unable  to 
retain  their  urine  when  making  the  slightest  extraor- 
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dinary  exertion,  such  as  going  upstairs,  lifting  weights, 
and  even  when  laughing  or  crying.  I  do  not  remember 
any  of  these  cases  which  have  not  been  cured  by  elec- 
tricity. I  am  not  including  cases  of  old  women,  in 
whom  violent  bronchitic  cough  is  so  often  accompanied 
by  an  escape  of  urine,  although  these  cases  no  doubt 
might  be  improved. 

Undue  frequency  of  micturition  is  also  relieved  by 
galvanism,  possibly  by  strengthening  the  nervous  supply 
of  the  bladder  so  that  the  reflex  act  is  not  so  readily 
induced.     When  this  undue  frequency  is  caused  by 
cystitis,  I  beUeve  that  relief  is  effected  by  a  healthier 
condition  of  the  walls  of  the  bladder  being  induced  by 
the  current.    I  have  had  several  cases  of  cystitis  sent 
to  me,  and  they  all  improved  ;  some  have  been  cured. 
One  or  two  of  these  cases  I  have  treated  m  con- 
junction with  Mr.  Bruce  Clarke.    In  the  appHcation  of 
electricity  to  the  bladder  for  atony,  incontinence,  or  fre- 
quency of  micturition,  I  have  usually  employed  the  cur- 
rent for  about  eight  or  ten  minutes  every  day  or  every 
other  day,  the  greater  majority  of  cases  only  requiring 
it  about  eight  times.     A  sound  insulated,  except  at  the 
extremity,  is  passed  into  the  bladder.    The  strength  of 
the  current  used  has  been  from  two  to  three  milh- 
amperes  up  to  five  if  the  patient  could  bear  it.  Another 
affection  connected  with  the  urinary  organs  which  can 
be  reUeved  by  galvanism  is  neuralgia  of  the  pudic  nerve. 
I  have  had  one  or  two  cases  of  the  kind,  and  one  was 
described  a  short  time  ago  in  the  "  Lancet  1886, 
vol  ii   P  181.    The  affection  is  associated  ^vlth  severe 
pain  in  the  perineum,  often  periodic,  and  increased  by 
walking;   it  is  sometimes  accompanied  by  a  painful 
spasm  of  the  urethra  whenever  an  attempt  is  made  0 
pass  water.    The  pain  sometimes  extends  beyond  the 
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perineum  into  the  groin.  The  constant  current  applied 
in  the  same  way  as  for  incontinence  of  urine  will  gene- 
rally relieve  the  pain  after  a  few  applications. — 

For  many  of  the  cases  of  bladder  weakness  in  children 
and  young  adults  faradism  applied  in  the  same  way  acts 
almost,  if  not  quite,  as  well  as  galvanism. 

In  retention  of  urine  occurring  in  hysterical  subjects 
one  pole,  not  insulated,  may  be  passed  into  the  urethra 
and  bladder,  and  faradism  applied,  care  being  taken  to 
strengthen  the  current  very  gradually. 

247.  Sexual  disorders — Various  morbid  sexual 
conditions  have  been  treated  by  electricity.  The 
nervous  supply  of  these  organs  is  almost  identical  in 
position  with  that  of  the  bladder  and  rectum,  and  the 
seat  of  apphcation  is  somewhat  similar  in  both  cases. 
The  galvanic  current  is  usually  the  best  to  employ. 

A  small  button-shaped  electrode  connected  with  the 
positive  pole  is  held  to  the  perineum,  and  another  larger 
electrode  (negative)  is  moved  slowly  up  and  down  the 
lower  dorsal  and  lumbar  spine.  The  current  may  be 
from  5  to  10  milliamperes  according  to  the  tolerance  of 
the  patient,  and  the  time  occupied  may  be  ten  minutes. 
Applications  daily  for  a  week,  then  every  other  day. 
In  this  way  the  symptoms  may  be  dispelled.  Contin- 
ence must  be  enjoined  during  the  treatment.  The 
penis  and  scrotum  have  also  been  faradized  with  the 
dry  brush  for  impotence  and  sexual  debility. 

248.  Diseases  of  women.— Electrical  methods  are 
largely  made  use  of  in  gynaecological  practice,  not  only 
for  the  sake  of  obtaining  the  direct  effects  (stimulating, 
sedative  or  trophic)  of  electricity,  but  also  for  electroly- 
sis, and  the  galvano-cautery  (see  Chapters  XV.,  XVI  ) 
Much  attention  has  been  directed  to  the  subject  of  the 
electrical  treatment  of  fibro-myoma,  and  an  immense 
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amount  of  literature  has  been  produced  since  the  in- 
troduction of  Dr.  Apostolus  method  of  treating  that 
complaint  by  electrolysis  of  the  uterine  mucous  mem- 
brane. His  methods  and  results  will  be  fully  dealt 
with  in  the  next  chapter. 

249.  In  parturition. — In  a  paper  read  by  Dr.  Kilner 
before  the  Obstetrical  Society,*  the  use  of  the  faradic 
current  is  advocated  during  parturition.  He  found  that 
uterine  contractions  could  be  excited  or  strengthened  by 
its  aid,  though  not  in  all  cases.  Sometimes  the  resulting 
contractions  were  very  severe  and  prolonged,  indicating 
possible  risk  to  the  child.  The  faradism  seemed  to 
diminish  the  pains  felt  during  the  labour.  After  the 
birth  of  the  child  faradic  stimulation  ensured  a  firm 
uterine  contraction,  and  much  diminished  the  risk  of 
post-partum  haemorrhage.  Some  medical  men  speak 
very  highly  of  its  value  in  childbirth,  and  make  a  prac- 
tice of  carrying  a  small  faradic  apparatus  in  their 
obstetric  bag.  It  has  also  been  of  great  use  in  flood- 
ing after  miscarriage. 

It  follows  that  great  caution  should  be  used  before 
applying  electrical  treatment  to  the  abdomen  or  pelvic 
organs  of  a  pregnant  woman.  Cases  have  been  reported 
where  a  miscarriage  has  been  the  result  of  faradism,  or 
of  the  Leyden  jar  shocks  used  by  Dr.  Golding  Bird, 
although  this  result  is  not  an  invariable  one.f 

250.  Amenorrhoea.— Electricity  has  been  employed 
in  the  treatment  of  this  condition  since  its  first  intro- 
duction into  medicine  more  than  a  hundred  years  ago. 
Dr.  Golding  Bird  had  a  very  high  opinion  of  the  value  of 
shocks  from  the  Leyden  jar  for  curing  this  symptom. 


*  " 


^British  Medical  Journal,"'  April,  1884. 
t  Golding  Bird,  "  Electricity  and  Magnetism,"  1849,  Lect.  v., 
and  Appendix  B. 
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He  says  "  in  electricity  we  possess  the  only  really  direct 
emmenagogue  with  which  the  experience  of  our  profes- 
sion has  furnished  us."  His  method  was  to  transmit 
through  the  pelvis  twelve  shocks  in  succession  from  a 
Leyden  jar  capable  of  holding  about  a  pint  measure, 
the  discharge  was  directed  from  the  sacrum  to  the 
pubes  by  means  of  conductors.  Faradism  applied  to 
the  uterus  has  also  been  found  efficacious  in  patients 
with  amenorrhoea  from  sluggishness  of  the  uterine  func- 
tions apart  from  chlorosis.  When  this  condition  is 
present  general  treatment  is  sufficient,  and  local  appli- 
cations are  not  called  for,  and  indeed  are  undesirable. 
In  healthy  women  in  whom  menstruation  is  regularly 
performed  galvanism  or  faradism  will  sometimes  hasten 
the  appearance  of  the  flow,  especially  when  it  is  applied 
to  the  abdomen  or  pelvic  region.  The  electric  bath 
may  have  the  same  effect. 

It  is  best  to  suspend  treatment  in  women  during  the 
menstrual  periods,  otherwise  the  flow  may  be  rendered 
excessive,  and  in  pregnancy  it  is  better  not  to  employ 
electricity  at  all  for  abdominal  or  bladder  troubles. 

Although  electrical  treatment  in  the  healthy  may 
produce  or  accelerate  menstruation,  it  will  not  always 
do  so  when  that  function  is  in  abeyance.  The  best 
results  in  this  condition  as  in  others  are  obtained  by 
localising  the  treatment  to  the  affected  parts  by  the  direct 
application  of  the  electrode  to  the  cervix  uteri,  although 
in  the  unmarried  it  is  usually  sufficient  to  place  one 
pole  on  the  perineum  and  the  other  over  the  sacrum  or 
the  pubes  with  the  same  precautions  and  in  the  same 
manner  as  advised  for  incontinence  of  urine.  Faradiza- 
tion is  the  best  method ;  an  electrode  in  the  form  of  a 
bougie  insulated  except  at  its  extremity  is  to  be  em- 
ployed.   Apostoli  has  advocated  the  use  of  a  bipolar 
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electrode  for  faradism  of  the  uterus,  but  it  is  not  always 
so  satisfactory  as  the  unipolar  method,  the  current 
sometimes  passes  directly  across  from  pole  to  pole  at 
the  extremity  of  the  double  electrode,  without  diffusing 
itself  at  all  through  the  tissues  in  the  neighbourhood. 

251.  Subinvolution. — Dr.  Grandin,  quoted  by  Dr. 
Bigelow,  recommends  the  treatment  of  this  condition  by 
faradization  of  the  uterus.  Its  application  to  the  en- 
larged, flaccid  and  congested  organ  produces  contrac- 
tion of  the  muscular  fibres,  improves  the  tone  of  the 
whole  uterus,  diminishes  the  congestion,  and  leads  to 
diminution  in  its  size.     The   method   seems  to  be 


Fig.  82. — Bipolar  electrodes. 


rational,  and  is  supported  by  Apostoli  in  a  paper  trans- 
lated and  published  in  the  "  British  Medical  Journal," 
Jan.  14th,  1888.^=  There,  after  discussing  Tripier's  intro- 
duction of  faradism  as  a  remedy  for  uterine  inertia,  he 
advocates  the  use  of  a  bipolar  electrode  (fig.  82)  in- 
troduced into  the  vagina  or  the  uterine  cavity  in  place 
of  the  unipolar  method  (utero-sus-pubic)  employed  by 
his  predecessor.  The  secondary  coil  of  thin  wire, 
•  On  some  new  applications  of  the  faradic  current  in  gynaecology. 
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"  current  of  tension,"  is  recommended,  on  the  ground 
that  the  current  of  high  tension  is  less  painful  than  the 
"current  of  quantity"  from  a  short  thick  secondary 
wire.  We  have  already  given  a  reason  for  preferring 
the  unipolar  method. 

252.  Uterine  neuralgia. — The  use  of  faradism  for 
the  reUef  of  painful  affections  of  the  pelvic  organs  in 
women  has  been  already  alluded  to.  It  is  important  for 
this  purpose  to  make  use  of  faradic  currents  of  rapid 
frequency.  The  slowly  interrupted  faradic  current  pro- 
duces much  more  painful  sensations  than  those  of  a 
rapidly  acting  instrument,  but  by  suitably  choosing  the 
rate  of  interruption  of  the  current,  a  soothing  or  be- 
numbing effect  can  readily  be  produced. 

The  anode  of  the  continuous  current  may  be  applied 
over  the  region  of  the  ovaries  for  tenderness  and  pain 
in  that  situation. 

253.  Treatment  of  cancer. — In  the  "British  Medi- 
cal Journal"  for  1889,  vol.  i.,  pp.  936,  1288,  Dr.  Inglis 
Parsons  has  published  an  account  of  "  Arrest  of  growth 
in  four  cases  of  cancer  by  a  powerful  interrupted  voltaic 
current."*  Dr.  Parsons  advances  a  theory  that  it  may 
be  possible  to  destroy  the  vitality  of  cells  by  powerful 
galvanic  shocks,  and  lays  stress  on  the  known  fact  that 
malignant  growths  are  prone  to  break  down  and  de- 
generate, and  may  therefore  be  of  a  lower  vitality  than 
the  cells  of  healthy  tissues.  He  then  recounts  the  cases 
in  which  he  has  tried  to  kill  the  cancer  cells  without 
destroying  the  parts  in  which  they  were  situated,  by 
introducing  a  number  of  fine  needles  all  round  the 
growth,  and  passing  through  it  a  galvanic  current  with 
sudden  interruptions.  Commencing  with  ten,  the  current 
is  gradually  raised  as  high  as  600  milliamperes  "flashed 

•  See  also  "  Medical  Press  and  Circular,"  December,  1830. 
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through  the  growth  in  every  direction  from  50  to  100 
times."  The  effects  said  to  be  produced  are  :  "  a 
cessation  of  growth,  gradual  disappearance  of  pain, 
some  shrinl<ing  and  hardening  of  the  tumour  and  en- 
larged glands,  followed  by  improved  nutrition  and 
better  state  of  the  general  health.  The  growth  as  a 
whole  does  not  disappear,  but  remains  as  an  inert  mass, 
composed  in  all  probability  of  fibrous  tissue  only." 

254.  The  healing  of  chronic  ulcers  This  was 

the  subject  of  a  communication  to  the  Medico-Chirur- 
gical  Society  in  1848  by  Sir  Spencer  (then  Mr.)  Wells. 
A  simple  galvanic  element  made  up  of  a  plate  of  silver 
and  one  of  zinc,  connected  together  by  a  wire  and 
applied  to  an  ulcer,  were  found  to  promote  cicatriza- 
tion at  the  part  in  contact  with  the  silver,  while  that 
part  which  touched  the  zinc  plate  became  worse.  It 
would,  perhaps,  be  profitable  to  repeat  the  experiment, 
while  endeavouring  to  minimise  the  unfavourable  action 
at  the  zinc  plate  by  largely  increasing  its  surface,  and 
placing  it  upon  a  sound  part  of  the  skin. 

Daily  faradization  of  an  indolent  ulcer  for  ten  minutes 
will  sometimes   improve   its   condition   and  promote 

healthy  action. * 

255.  Guinea  worm. — In  the  "  British  Medical  Jour- 
nal "  (1883,  vol.  ii.),  an  account  of  the  removal  of  a 
guinea  worm  with  the  aid  of  galvanism  was  published 
by  Mr.  Alexander  Faulkner. 

One  pole  of  a  battery  was  held  in  the  patient's  hand, 
and  the  other  was  applied  to  the  protruding  extremity 
of  the  worm,  the  application  was  continued  for  an  hour 
with  gentle  traction,  and  at  the  end  of  that  time  the 
whole  had  been  extracted :  the  usual  process  of  with- 
drawing the  guinea  worm  little  by  little  by  traction 
*  Beard  and  Rockwell. 
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for  a  few  minutes  daily  is  a  very  tedious  affair,  and 
may  take  weeks  to  complete  it,  even  if  the  worm  is  not 
broken  in  the  process,  Mr.  Faulkner's  explanation  of 
the  action  of  the  galvanism  is  that  the  worm  is  be- 
numbed and  rendered  incapable  of  resisting. 

256.  Electricity  as  a  test  of  death. — The  elec- 
trical reactions  of  muscle  to  faradism  have  been  pro- 
posed as  a  test  of  death.  The  contractility  of  living 
muscle  persists  for  a  few  hours  after  death,  and  then 
disappears. 

If  the  muscles  of  a  person  supposed  to  be  dead  cannot 
be  caused  to  contract  by  a  strong  faradic  current,  life 
may  be  considered  extinct,  if  they  do  contract  it  is 
possible  that  he  may  be  alive.  Certainly  no  person 
should  be  buried  if  his  muscles  are  still  contractile. 

Onimus  and  Legros-''  have  shown  that  there  is  a  stage 
in  the  death  of  a  muscle  at  which  it  gives  the  reaction 
of  degeneration,  that  is  to  say,  the  faradic  irritability 
disappears  first,  while  the  response  to  direct  galvanic 
stimulation  continues,  giving  rise  to  a  sluggish  con- 
traction. This  change  sets  in  about  four  hours  after 
death,  and  they  relate  a  case  in  which  the  reaction 
enabled  them  to  specify  correctly  the  time  at  which 
death  had  occurred. 

*  "  Traite  d'Electricite  Medicale,"  Paris,  1888. 
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CHAPTER  XV. 
Electrolysis. 

The  laws  of  electrolysis.  Secondary  reactions.  Action  in  the  inter- 
polar  region.  Migration  of  the  ions.  Osmosis.  Actions  in 
living  tissues.  Uses  in  surgery.  Removal  of  hairs.  Hairy 
moles.  Warts.  Naevus.  Port  wine  mark.  Aneurysm.  Stric- 
ture of  the  urethra,  of  the  oesophagus,  of  the  rectum,  of  the 
Eustachian  tube.  Stenosis  of  the  cervix  uteri.  Electrolysis  in 
fibro-myoma.  Dr.  Apostoli's  methods.  Extra-uterine  fcetation. 
Cancer. 

257.  Electrolysis.— The  laws  according  to  which  sub- 
stances are  broken  up  by  the  passage  of  the  electric 
current,  and  the  terms  used  in  considering  the  portion 
of  a  circuit  in  which  electrolysis  is  occurring  were 
shortly  given  in  §  §  58-60.  It  is  necessary  here  to  ex- 
pand what  was  then  said  a  little.  The  hypothesis  of 
Grotthus  was  explained  in  §  59,  according  to  which  the 
molecules  are  arranged  owing  to  the  directive  action  of 
current  in  lines  between  the  anode  and  kathode,  and  all 
along  this  line  a  continual  decomposition  and  recombin- 
ation takes  place,  which,  however,  is  only  manifested  at 
the  poles  under  ordinary  circumstances.  It  is  perhaps 
better  to  look  on  an  electrolyte  with  Clausius,  as  a  body 
whose  molecules  are  continually  undergoing  dissociation 
and  recombination,  even  when  no  current  is  passing. 
When,  however,  an  electric  stress  is  set  up,  there  is  a 
directive  force  brought  to  bear  upon  the  molecules  that 
are  in  a  free  state,  and  a  migration  is  set  up,  the  electro- 
negative ions  passing  towards  the  anode,  the  electro- 
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positive  ones  towards  the  kathode  ;  if  the  electric  stress 
is  sufficient  to  overcome  the  tendency  of  the  dissociated 
molecules  to  recombine,  decomposition  takes  place.  Put 
crudely  according  to  this  view,  the  least  electromotive 
force  that  will  produce  decomposition  in  an  electrolyte 
is  a  measure  of  the  chemical  affinity  of  the  ions  in  that 
electrolyte. 

258.  Secondary  reactions. — It  is  but  rarely  that 
the  actual  products  of  electrolysis  are  given  off  at  the 
electrodes,  in  general  they  react  with  a  further  portion 
of  the  electrolyte  or  of  the  solvent,  or  with  the  substance 
of  the  electrodes,  and  the  products  of  this  secondary 
reaction  appear.  Thus,  for  example,  if  a  solution  of 
sodium  sulphate  be  submitted  to  electrolysis  between 
platinum  electrodes,  the  ions  are  sodium  and  the  radical 
SO4,  but  the  former  instantly  decomposes  the  water 
present,  giving  off  an  equivalent  quantity  of  hydrogen, 
while  the  latter  breaks  up  into  SO3,  sulphur  trioxide, 
which  combines  with  water  to  form  sulphuric  acid,  and 
oxygen,  which  is  given  off.  The  result  is  that  the  liquid 
about  the  anode  becomes  acid,  while  that  at  the 
kathode  is  alkaline.  Of  course,  if  the  whole  is  allowed 
to  mix,  the  two  neutralise  each  other,  and  the  whole 
effect  of  the  electrolysis  is  that  some  water  has  been 
decomposed. 

If  the  electrodes  consist  of  metals  that  are  capable  of 
being  acted  on  by  the  ions  action  will  take  place,  thus 
if  copper  sulphate  is  electrolysed  between  platinum 
electrodes  the  kathode  will  be  found  to  be  alloyed  with 
the  copper  which  will  penetrate  a  considerable  depth 
into  the  platinum  (Gore).  The  anodes  will  be  dissolved 
if  the  anion  is  capable  of  forming  a  salt  with  them,  thus 
a  platinum  anode  is  rapidly  dissolved  if  used  to  electro- 
lyse a  chloride. 
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Many  curious  secondary  reactions  may  occur  when 
mixed  electrolytes  are  submitted  to  electrolysis,  and 
these  have  been  shown  to  vary  with  the  density  of  the 
current  used.  In  general  the  most -electro-negative  ion 
of  the  mixture  makes  its  appearance  first,  but  it  has 
been  shown  experimentally  by  Hittovf  that  all  electro- 
lytes present  are  concerned. 

259.  Action  between  the  poles. — If  porous  semi- 
permeable partitions  be  placed  between  the  electrodes, 
electrolysis  will  go  on  just  as  before,  but  by  the  help  of 
such  partitions  it  is  possible  to  use  a  series  of  electro- 
lytes and  to  examine  the  reactions  at  the  boundaries  of 
each.  A  strong  proof  is  then  given  of  the  accuracy  of 
the  laws  of  electrolysis  quoted  in  §  60.  Faraday  suc- 
ceeded by  this  method  in  precipitating  magnesia  from  a 
solution  of  sulphate  of  magnesia.  He  caused  an  electric 
current  to  pass  through  a  solution  of  the  salt  to  an  elec- 
trode immersed  in  water,  and  at  the  boundary  between 
the  two  liquids  there  w^as  a  precipitate  of  magnesia 
when  the  current  passed  from  the  salt  solution  to  the 
water.  Considerations  of  this  sort  may  perhaps  help  to 
explain  the  action  of  a  continuous  current  on  the  tissues 
of  the  body. 

260.  Migration  of  the  ions — osmosis.— It  is  found 
when  electrolysis  is  taking  place  in  a  solution  that  the 
strength  of  the  solution  round  the  electrodes  varies 
during  the  course  of  the  electrolysis.  For  example,  if 
a  solution  of  copper  sulphate  be  electrolysed  the  solu- 
tion round  the  kathode  is  weakened  much  faster  than 
that  round  the  anode,  and  so  there  is  an  effect  as  if  the 
copper  sulphate  in  solution  had  moved  bodily  towards 
the  anode.  This  effect  differs  for  different  salts,  and 
also  according  to  the  strength  of  the  solution  under- 
going electrolysis.    A  fairly  full  account  of  a  theory 
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which  has  lately  been  put  forward  to  explain  it  and 
other  effects  will  be  found  in  Ostwald's  "  Outlines  of 
General  Chemistry,"  Book  ix.,  Chapter  iv.  It  is  clear, 
however,  that  whatever  the  cause,  the  effect  is  likely 
to  be  of  some  importance  in  the  electrolysis  of  living 
tissues  which  may  be  looked  on  as  a  mass  of  semi- 
permeable cells  filled  with  a  solution  of  several  electro- 
lytes. Sodium  chloride,  for  example,  is  one  of  these, 
and  it  behaves  similarly  to  copper  sulphate,  electrolysis 
will  therefore  effect  a  transference  of  the  sodium  chlo- 
ride in  the  line  of  flow  of  the  current  towards  the  anode. 
There  is  another  action  that  takes  place  during  electro- 
lysis which  results  in  a  transference  of  the  electrolyte. 
This  has  already  been  referred  to  (§  153)  as  electrical 
osmosis.  In  general,  if  electrolysis  is  taking  place 
across  a  porous  partition,  there  is  a  transference  of  the 
electrolyte  in  the  direction  of  the  current,  viz.,  towards 
the  kathode.  This  is  most  noticeable  in  cases  of  elec- 
trolytes whose  conductivity  is  poor. 

261.  Electrolysis  of  living  tissues. — To  sum  up 
then,  we  should  expect  to  find  effects  produced  by  the 
electric  current  in  passing  through  the  body  chiefly  at 
the  points  of  contact,  viz.,  the  electrodes.  These  are 
local  effects  due  to  the  chemical  action  of  the  sub- 
stances set  free  by  primary  or  secondary  reactions  in 
the  electrolysis.  Probably  we  may  say  that  in  all  cases 
with  which  the  medical  man  is  concerned  the  local 
effects  are  due  to  the  secondary  production  of  acids  or 
oxidizing  agents  at  the  anode,  alkalies  or  reducing 
agents  at  the  kathode.  These  may  be  complicated  by 
solution  of  the  anode  if  it  is  made  of  a  metal  that  forms 
S  soluble  chloride.  Smaller  effects  may  be  looked  for 
throughout  the  body  due  to  chemical  action  between 
different  electrolytes  separated  by  cell  walls  or  other 
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semi-permeable  septa,  migration  of  the  ions,  or  transfer- 
ence of  the  electrolytes  due  to  electrical  osmosis.  It  is 
easily  seen,  however,  that  all  these  three  effects  will  be 
small  with  such  currents  as  are  used  in  treatment,  and 
probably  infinitesimal. 

In  a  communication  to  the  "  Lancet,"  December, 
1890,  on  "The  Electrolysis  of  Animal  Tissues,"  Dr. 
G.  N.  Stewart  gives  a  summary  of  his  investigations,  he 
found  that  "practically  the  whole  of  the  conduction 
through  animal  tissues  is  electrolytic,  and  that  the  elec- 
trolytes are  the  inorganic  constituents  ;  when  a  tissue 
is  electrolysed  almost  the  whole  current  passes  by  the 
salts ;  the  changes  produced  in  the  proteids  (coagulation, 
formation  of  acid  and  alkali  albumen)  must  therefore 
be  brought  about  by  secondary  electrolytic  actions. 
Striking  changes  in  the  distribution  of  the  salts  were 
produced,  changes  sufficient,  if  produced  within  the 
body,  to  modify  nutrition  profoundly.  The  antiseptic 
action  of  the  current  was  studied  in  the  case  of  ordinary 
putrefactive  organisms,  and  it  was  shown  that  it  is 
chiefly,  if  not  entirely,  around  the  anode  that  this  action 
takes  place." 

Briefly  stated,'-^^  in  the  electrolysis  of  animal  tissues,  a 
double  decomposition  takes  place.  The  salts  contained 
in  the  tissues  split  up,  the  alkalies  are  liberated  at  the 
kathode,  and  the  acids  at  the  anode.  The  alkaline 
metals,  potassium  and  sodium,  from  their  great  afEnity 
•for  oxygen,  decompose  the  water  in  the  neighbourhood 
of  the  kathode,  liberating  the  hydrogen,  which  appears 
as  bubbles  of  gas.  The  caustic  potash  or  soda  thus  pro- 
duced saponifies  the  animal  tissues  just  as  when  applied 
in  the  ordinary  way,  and  produces  a  soft  deliquescent 
eschar,  which  is  said  to  heal  with  less  contraction  than 
*  Dr.  W.  E.  Steavenson  in  "  Brit.  Med.  Journal,"  Nov.  27th,  1SS6. 
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an  eschar  produced  by  either  a  wound,  a  burn,  or  an 
acid,  and,  therefore,  is  the  most  suitable  to  obtain  when 
it  is  particularly  necessary  that  the  least  possible  con- 
traction shall  subsequently  take  place.  The  acids 
from  the  salts  contained  in  the  animal  tissues  are 
liberated  at  the  anode ;  generally  oxygen  is  liberated, 
but  the  reaction  which  takes  place  at  the  anode  depends 
very  much  upon  its  composition.  If  the  electrode  is 
made  of  zinc,  chloride  of  zinc  is  formed,  which  exerts 
its  own  specific  action  on  the  tissues,  in  addition  to  the 
oxidising  eflfect  of  the  liberated  oxygen.  The  eschar 
formed  at  the  anode  is  hard  and  comparatively  dry  ;  it 
is  more  limited,  and  the  destruction  of  the  tissues  more 
complete ;  the  part  decomposed  is,  therefore,  thrown  off 
as  a  dry  scab,  and  very  little  or  no  suppuration  takes 
place.  The  eschar  produced  by  the  kathode  is  differ- 
ent. In  its  case,  the  caustic  effects  extend  to  a  slightly 
wider  area,  are  more  intense  the  closer  to  the  electrode, 
and  the  outer  limits  of  the  affected  area  are  not  so 
thoroughly  destroyed,  and  sometimes  when  a  too  strong 
current  has  been  used,  suppuration  takes  place,  and 
more  or  less  tissue  sloughs  away,  in  addition  to  that 
destroyed  by  the  electrolysis,  necessarily  leaving  rather 
a  more  prominent  scar  than  is  left  when  the  anode  alone 
is  used.  For  the  destruction  of  small  growths  on  the 
face,  or  on  parts  where  it  is  an  object  to  leave  as  little 
mark  as  possible,  it  is,  therefore,  safer  to  employ  only 
the  anode.  The  part  required  is  then  quite  destroyed, 
shrivels  up,  and  becomes  a  scab,  and  healing  proceeds 
beneath  it.  At  the  separation  of  the  scab,  the  skin  is 
left  only  a  httle  whiter  than  the  surrounding  texture, 
and  this  difference  in  colour  soon  ceases  to  be  notice- 
able. In  a  mucous  membrane  like  the  urethra,  where 
it  is  impossible  for  healing  to  proceed  beneath  a  scab,  it 
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is  found  that,  with  the  anode,  a  sore  is  produced  which 
gives  rise  to  a  tougher  and  more  contractile  cicatrix  than 
when  the  negative  pole  is  employed.  There  are  other 
objections  to  using  the  anode  in  the  electrolysis  of  stric- 
tures. The  decomposition  which  takes  place  at  the 
anode  is  also  modified  by  the  substance  of  which  it  is 
composed.  The  electrode  itself  is  partly  dissolved,  and 
enters  into  the  new  combination  of  elements.  Some  of 
the  metal  would,  therefore,  become  oxidised,  and  remain 
in  the  urethra,  and  the  electrode  would  become  so  glued 
to  the  tissues  that  it  would  not  be  removed  without 
violence.  In  the  electrolysis  of  aneurysms,  the  oxida- 
tion of  the  metal  forming  the  anodal  electrode  is,  no 
doubt,  an  advantage,  as,  in  addition  to  the  coagulating 
effect  of  the  positive  pole,  if  a  steel  needle  be  used, 
there  will  also  be  a  formation  of  chloride  of  iron  which 
possibly  assists  the  coagulation.  At  the  negative  pole, 
the  hydrogen  or  alkalies  liberated  in  its  neighbourhood 
have  no  corrosive  effect  upon  metals,  so  that  if  an 
electrode  be  kept  negative,  no  oxidation  will  take  place, 
and  when  it  is  withdrawn  from  the  urethra,  it  will  be  as 
bright  as  when  introduced. 

The  caustic  effect  of  an  electrode  connected  with  the 
negative  pole  of  a  battery  has  these  advantages  over  the 
use  of  the  ordinary  caustic  soda  or  potash.  As  pointed 
out  by  Dr.  Poore,  it  can  be  applied  to  parts  difficult  of 
access,  as  the  male  urethra  or  uterine  cervical  canal. 
It  can  be  applied  to  these  regions  and  others,  such  as 
the  larynx,  pharynx,  or  nasal  duct,  where  the  appHca- 
tion  of  other  caustics  is  attended  with  a  certain  amount 
of  danger.  Its  effects  can  be  limited  to  the  points 
touched  by  the  electrode.  The  caustic  effect  can  be 
arrested,  or  not  commenced,  until  the  appUcator,  in 
the  form  of  the  electrode,  is  in  situ,  and  the  duration 
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and  extent  of  the  caustic  action  is  entirely  under  the 
control  of  the  will  of  the  operator. 

262.  Uses  in  surgery. — Electrolysis  is  used  in  sur- 
gery as  a  means  for  producing  destruction  of  tissue  in  a 
simple  and  minutely  localised  manner.  This  is  effected 
indirectly  by  the  action  of  the  chemical  bodies  liberated 
at  the  poles  during  the  passage  of  the  current.  As 
these  bodies  are  different  at  the  two  poles,  so  the  actions 
which  take  place  at  the  poles  differ  from  one  another  to 
a  certain  extent.  The  advantages  of  being  able  to 
localise  the  effects  so  precisely  is  well  seen  in  the  opera- 
tion for  the  removal  of  hairs,  for  here  the  destructive 
effects  are  confined  to  such  a  minute  area  in  the  imme- 
diate neighbourhood  of  the  hair  follicle  that  no  per- 
ceptible scar  is  produced  although  the  hair  follicle  is 
eradicated.  Electrolysis  has  been  used  for  the  follow- 
ing purposes : — (i).  The  removal  of  superfluous  hairs, 
of  moles  and  of  warts.  (2).  Destruction  of  nsevi, 
and  removal  of  port  wine  marks.  (3).  Coagulation  of 
blood  in  aneurysms.  (4).  Destruction  of  strictures  in 
the  urethra,  lachrymal  canals,  oesophagus,  rectum,  and 
Eustachian  tube.  (5).  Destruction  of  the  foetus  in  extra- 
uterine gestation.  (6) .  Destruction  of  cancerous  growths ; 
and  (7)  for  the  relief  of  symptoms  in  fibro-myoma  of  the 
uterus.  This  last  is  brought  about  as  a  secondary  pro- 
cess which  has  been  found  to  follow  electrolytic  destruc-, 
tion  of  the  uterine  mucous  membrane. 

263.  The  removal  of  hairs.— If  a  fine  needle  con- 
nected to  the  negative  pole  of  a  battery  of  four  or  five 
cells  be  introduced  by  the  side  of  a  hair  and  the  circuit 
be  then  closed,  electrolysis  takes  place  round  the  needle, 
and  the  hair  follicle  is  destroyed  by  the  alkali  produced  ; 
the  hair  can  then  be  removed  easily  and  does  not  grow 
again. 
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The  method  of  operating  is  as  follows: — The  patient 
should  recline  in  a  good  light.    Having  placed  the  in- 
different electrode  (anode)  in  contact  with  a  convenient 
part  of  the  patient's  body,  the  kathode  is  attached  to  a 
fine  needle  set  in  a  handle,  the  current  collector  is  turned 
on  to  take  up  about  five  cells  into  circuit,  the  operator 
then  pinches  up  the  skin  round  the  hair  with  his  left 
finger  and  thumb  and  introduces  the  needle  as  closely 
as  possible  to  the  root  of  the  hair,  holding  it  in  the 
proper  direction  for  it  to  enter  the  follicle,  the  needle 
passes  down  readily  to  the  required  distance,  about 
a  tenth  of  an  inch,  a  cvurent  of  about  five  milUam- 
peres  passes,  and  slight  effervescence  is  seen  at  the 
orifice  of  the  follicle,  and  at  the  end  of  ten  seconds  or  so 
the  needle  is  withdrawn.    As  a  rule  the  hair  can  then 
be  easily  lifted  out  by  a  fine  forceps  ;  if  it  still  remains 
firm,  the  needle  must  be  introduced  a  second  time  until 
it  is  loosened  ;  the  current  should  be  just  strong  enough 
to  produce  slight  frothing.    The  best  way  to  learn  how 
to  perform  the  manoeuvre  is  by  a  few  preliminary  ex- 
periments on  oneself.    There  is  a  certain  amount  of 
pain,  but  it  is  within  the  limit  that  can  be  borne  without 
flinching,  and  an  anaesthetic  is  not  necessary.  Cocaine 
may  be  applied  to  diminish  the  pain,  either  by  utilising 
the  process  of  electrical  osmosis  (§  153)  or  by  smearing 
on  the  skin  a  small  quantity  of  the  following  ointment  :— 
Cocaine  hydrochlorat   5  i- 


M.  ft.  ung. 

This  prescription  is  recommended  in  Dr.  Hayes'  very 
useful  Httle  book.-    Sometimes  the  hair  is  grasped  by 

•  "Electricity  in  Facial  Blemishes,"  P.  S.  Hayes,  M.D.,  Chicago, 
1889. 
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Chloral  hydrat. 
Lanoline    . . . 
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an  epilation  forceps  held  in  the  left  hand  while  the 
needle  electrode  is  being  introduced,  and  the  electrolysis 
is  allowed  to  go  on  until  the  hair  comes  out,  but  on  the 
whole  the  method  first  described  is  perhaps  the  best. 
Dr.  Hayes  who  has  given  con- 
siderable attention  to  the  process 
of  epilation  prefers  to  use  a  very- 
fine  needle  which  is  blunted  or 
even  slightly  bulbous  at  the  point, 
because  such  a  needle  is  less 
likely  to  penetrate  too  deeply  and 
so  pass  away  from  the  hair  fol- 
licle.   There  is  no  object  in  using 
a  platinum   or  iridium  needle. 
Steel  answers  every  purpose,  and 
is  stronger.    The  current  may  be 
closed  after  the  needle  has  been 
placed  in  position  by  means  of  a 
key  on  its  handle  (fig.  83),  less 
pain  is  felt  when  this  is  done. 

A  good  deal  of  practice  is  re- 
quired to  perform  this  little  opera- 
tion skilfully,  no  force  must  be 
used  in  removing  a  hair,  if  force 
is  used  the  hair  will  come  out 
before  the  follicle  is  destroyed, 
leaving  its  root  behind,  and  a 
new  hair  will  grow  up  from  it. 
When  many  hairs  are  to  be  re- 
moved they  should  be  done  at 
successive  sittings.    Ladies  as  a 
rule  become  restless  from  the  pain  epilation. 
Of  the  operation  after  ten  or  twelve  hairs  have  been 
taken  out,  and  cannot  then  keep  quite  still.    A  tiny 
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Fig.  83.— Needle  electrode  for 
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eschar  with  a  small  zone  of  redness  is  left  round  the 
follicle.  Several  hairs  in  close  proximity  should  not  be 
attacked  at  the  same  sitting,  for  fear  lest  the  nutrition 
of  the  skin  should  be  so  much  interfered  with  as  to  lead 
to  a  small  ulcer  and  consequent  scar,  but  the  hairs 
should  be  removed  sporadically,  until  at  the  last  sitting 
the  few  remaining  ones  can  be  gleaned  off  and  the  place 
left  smooth  and  bare.  If  the  patch  of  hairs  is  small  the 
sittings  must  be  less  frequent ;  when  there  is  plenty  of 
room  to  attack  a  fresh  part  each  time  the  sittings  may 
be  repeated  daily,  care  being  always  taken  not  to  injure 
the  skin  at  any  one  point  too  much. 

It  is  as  well  to  caution  patients  that  there  will  be  a 
small  percentage  of  returning  hairs,  but  that  these 
can  be  dealt  with  a  second  time  if  any  should  so 
return. 

264.  Trichiasis.— The  removal  of  eyelashes  for 
trichiasis  is  most  perfectly  accomplished  by  electro- 
lysis, and  this  is  by  far  the  best  method  of  treatment 
for  this  condition.  We  have  seen  most  remarkable 
improvement  produced  in  this  way.  The  patient  was 
a  man  of  middle  age.  At  the  commencement  of  the 
treatment  both  his  cornese  were  hazy  from  the  presence 
of  pannus  as  a  result  of  the  continued  irritation  by  the 
turned  in  eyelashes  ;  the  removal  of  the  eyelashes  was 
persevered  with  until  every  one  had  been  removed; 
by  that  time  the  cornese  had  recovered  perfect  trans- 
parency. The  patient  was  most  enthusiastic  at  the 
great  improvement,  especially  as  epilation  with  forceps 
had  previously  been  tried  without  benefit. 

265.  Hairy  moles.— The  best  treatment  for  hairy 
moles  is  epilation ;  when  the  hairs  have  been  removed 
very  little  will  be  seen  of  the  mole,  but  if  it  should 
be  pigmented,  the  electrodes  suggested  by  Mr.  R.  W. 
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Parker  and  figured  by  Dr.  Sieavenson,'^'  can  he  used  to 
produce  superficial  destruction  of  its  surface.  These 
electrodes  (fig.  84)  consist  of  flattened  metal  plates 
covered  with  platinum  foil,  of  various  shapes  and  sizes, 
and  with  handles,  they  are  attached  to  the  negative 
pole  of  the  battery  and  held  to  the  moistened  surface 
of  the  mole,  whilst  a  current  of  fifty  or  sixty  milli- 
amp^res  is  passed  through  them ;  electrolysis  is  set  up, 
and  a  slippery  and  alkaline  material  is  produced,  and 
the  surface  is  gradually  destroyed.  The  plates  are 
inclined  to  slip  during  the  operation,  this  must  be 
guarded  against,  or  sound  skin  may  be  destroyed  as 
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Fig.  84- — Plate  electrodes. 

well  as  the  mole.  Chloroform  must  be  given  as  the 
process  is  very  painful.  If  epilation  has  not  first  been 
carried  out,  this  process  may  be  continued  until  the  skin 
is  destroyed  down  to  the  depth  of  the  roots  of  the  hairs, 
which  can  then  be  wiped  away,  but  a  scar  follows  this 
operation,  and  may  be  almost  as  disfiguring  a  blemish 
as  the  mole  had  been.  Therefore,  epilation  should  first 
be  performed,  and  then  the  plates  may  be  cautiously 
used  if  necessary,  for  sometimes  a  slight  superficial 
treatment  will  remove  pigmentation  without  destroying 
the  whole  depth  of  the  cuticle.    Compare  the  method  of 

Steavenson,  "  Electrolysis  in  Surgery."  Churchill,  i8ga. 
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removing  freckles  by  the  application  of  weak  mercuric 
chloride  solution.** 

Warts  may  be  destroyed  by  electrolysis  if  this  method 
is  wished  for,  other  surgical  measures,  however,  are  as 
good  as  or  better  than  electrical  treatment  for  this  par- 
ticular purpose. 

266.  Naevus. — Electrolysis  is  a  very  convenient  way 
of  destroying  naevi,  and  in  some  respects  it  is  superior 
to  all  the  other  methods,  but,  to  secure  first  rate  results, 
a  certain  amount  of  practice  is  necessary.  The  chief 
art  in  treating  a  naevus  lies  in  the  careful  regulation  of 
the  current  used.  It  is  easy  to  electrolyse  a  nsevus  in 
such  a  way  as  to  destroy  it  and  cause  it  to  slough  away 
completely,  but  this  leaves  a  scar,  and  the  results  are  no 
better  than  can  be  obtained  by  ligature  or  caustics. 
The  object  to  be  aimed  at  in  the  electrolysis  of  naevi 
is  to  carry  the  destructive  action  just  so  far  as  to  coagu- 
late the  blood  and  break  up  the  blood-vessels  without 
producing  a  general  necrosis  and  sloughing  of  the  whole. 
When  the  naevus  is  entirely  subcutaneous,  it  is  most 
important  to  save  the  skin,  for  then  the  naevus  is  de- 
stroyed without  any  scar  except  at  the  minute  points 
where  the  needles  were  introduced.  When  the  nsevoid 
tissue  is  quite  superficial  and  involves  the  actual  thick- 
ness of  the  skin,  it  is  extremely  difficult  to  destroy  it 
without  sloughing.  The  direction  in  which  more  in- 
vestigation is  necessary  is  towards  learning  what  cur- 
rent or  rather  what  density  of  current  may  be  used 
without  producing  too  complete  destruction  of  the  parts 
around  the  needles. 

The  usual  plan  of  treatment  is  as  follows : — Needles 
attached  to  the  poles  of  a  battery  are  introduced  into  the 

*  Hebra  on  "  Diseases  of  the  Skin,"  New  Sydenham  Society, 
vol.  Ixi. 
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naevus,  one  of  Gaiffe's  galvanometers  (fig.  64)  is  included 
in  the  circuit,  the  current  is  then  very  gradually  raised 
from  zero  up  to  40,  60  or  100  milliamperes.  Care  must 
be  taken  that  the  needles  of  opposite  poles  do  not  touch 
one  another.  If  they  remain  in  contact  all  the  time,  the 
current  simply  runs  to  waste  through  the  metallic  circuit 
so  produced,  and  the  nsevus  tissue  is  unaffected  ;  if  they 
come  into  momentary  contacts,  the  patient  receives  a 
shock  each  time  they  touch  and  separate.  For  children 
who  are  under  an  anaesthetic,  these  shocks  are  very 
undesirable,  and  with  the  currents  used  they  may  pro- 
duce symptoms  of  collapse,  especially  if  the  nsevus  be 
on  the  head  or  face.  Soon  after  the  commencement  of 
the  operation  the  tissues  round  the  needles  begin  to 
change  colour ;  round  the  positive  needles  there  is  hard- 
ening and  pallor,  and  round  the  negative  needles  froth- 
ing is  produced  with  the  evolution  of  hydrogen  gas. 
When  platinum  needles  are  employed,  gas  is  also  given 
off  at  the  positive  pole,  one  volume  of  oxygen  being 
liberated  there  for  two  volumes  of  hydrogen  at  the  other 
pole.  The  positive  needles  become  firmly  adherent  to 
the  tissue  in  which  they  are  imbedded,  the  negative 
needles  become  very  loose  and  are  apt  to  slip  out,  but 
they  must  not  be  allowed  to  do  so,  for  the  current  must 
not  be  suddenly  interrupted  for  reasons  already  men- 
tioned. Soon  the  tissues  immediately  round  the  needles 
become  livid  or  blackened,  this  change  shows  itself  first 
at  the  negative  pole,  and  their  position  must  then  be 
changed  by  taking  them  out  and  re-inserting  them  one 
at  a  time  in  other  parts  of  the  nsevus,  until  the  whole 
of  it  has  been  treated. 

An  erythematous  blush  develops  round  the  nsevus 
during  the  process  of  electrolysis.  Ten  minutes  is  a 
suitable  length  of  time,  but  this  should  be  varied  with 
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the  size  of  the  naevus.  If  the  nsevus  is  very  extensive 
it  must  be  dealt  with  in  detail,  part  being  attacked  at 
each  sitting  until  the  whole  has  been  destroyed. 

The  needles  are  to  be  carefully  withdrawn  after  the 
current  has  been  very  gradually  lowered  to  zero,  they 
must  on  no  account  be  plucked  out  while  the  current  is 
still  running.  The  negative  needles  are  easily  with- 
drawn, but  the  positive  may  be  adherent  and  should  be 
twisted  out  gently.  A  little  bleeding  may  follow  from 
one  or  two  of  the  punctures,  but  it  is  rarely  of  any  im- 
portance. It  has  been  recommended  to  re-introduce 
any  needle  which  has  left  a  bleeding  point,  and  pass 
along  it  a  reversed  current  for  a  few  moments  after  the 
others  have  all  been  removed  (except  one  of  the  opposite 
pole  for  completing  the  circuit).  However,  a  little  piece 
of  absorbent  wool  and  a  turn  or  two  of  bandage  usually 
suffice  to  stop  any  bleeding.  The  after-treatment  is 
simple.  The  part  may  be  left  to  form  a  dry  scab,  or  a 
little  boracic  ointment  can  be  applied  to  it  for  the  first 
few  days.  After  that  if  any  suppuration  or  local  slough- 
ing should  develop,  an  occasional  poultice  at  night, 
with  some  boracic  ointment  by  day,  will  be  a  suitable 
treatment.  Many  of  the  smaller  naevi  dry  up  and  need 
no  application  at  all.  It  is  almost  impossible  to  avoid 
destruction  of  the  skin  and  scarring  when  the  naevus  is 
cutaneous,  but  the  scars  produced  are  much  smaller 
than  might  be  expected,  and  are  perhaps  less  extensive 
than  after  other  surgical  methods  of  treatment.  Some- 
times the  positive  needles  only  are  introduced  into  the 
nsevus,  the  circuit  being  completed  through  the  patient's 
body  by  using  a  large  pad  for  an  indifferent  electrode. 
In  this  case  the  resistance  is  much  higher,  and  therefore 
a  larger  number  of  cells  is  required.  There  is  a  greater 
risk  of  shock  or  faintness,  especially  with  naevi  of  the 
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head  and  face,  but  with  care  the  operation  can  be  car- 
ried out  successfully.  The  advantages  of  this  method  are 
that  the  positive  needles  produce  less  severe  destruction, 
and  so  there  is  less  chance  of  a  slough  being  formed. 
Also  there  is  no  risk  of  short  circuiting  and  shocks  from 
contacts  of  needles  of  opposite  pole  in  the  naevus  itself. 
Moreover,  the  density  of  the  current  is  more  uniform,  and 
therefore  the  destructive  process  is  also  more  uniform. 


Fio.  85.— Electrolysis  of  n^vus.    Proper  position  of  needles. 


Fig.  86. — Electrolysis  of  nasvus.    Improper  position  of  needles. 

The  rate  of  destruction  depends  upon  the  density 
(§§  68,  137)  of  current  at  any  part,  if  needles  of  both 
poles  are  introduced  irregularly,  it  is  very  likely  that 
the  current  may  be  concentrated  round  the  points  where 
they  are  nearest  together,  and  be  very  feeble  in  the 
more  remote  parts.  The  diagrams  (fig.  85  and  86)  re- 
present the  conditions  under  two  different  arrangements 
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of  needles,  in  the  first  the  needles  are  placed  in  such  a 
way  as  to  be  equidistant,  and  the  density  of  current  is 
therefore  uniformly  diffused.  In  the  second,  they  are 
all  very  near  together  at  the  points  and  there  the  current 
is  of  far  greater  density  than  at  the  periphery  of  the 
nsevus,  the  effect  of  such  an  arrangement  would  be  to 
produce  a  slough  at  the  centre,  while  the  periphery 
would  not  be  destroyed  at  all.  In  order  to  simplify 
the  introduction  of  the  needles  in  a  proper  manner,  the 
writer''*  has  devised  an  instrument  (fig.  87)  consisting  of 


Fig.  87. — Bipolar  fork  electrode. 

a  handle  to  carry  the  needles,  two,  three,  four  or  five 
can  be  screwed  into  it,  and  they  are  so  arranged  as  to 
be  alternately  positive  and  negative  (see  the  smaller  of 
the  two  figures).  By  this  means  the  needles  are  kept 
at  equal  distances  from  one  another  throughout  the 
operation,  and  they  cannot  touch  accidentally,  and 
they  can  be  moved  about  simultaneously  inside  the 
nsevus  so  as  to  bring  the  whole  of  it  into  the  reach  of 
the  current. 

It  is  difficult  to  formulate  a  rule  for  choosing  the 
current  to  be  used,  but  it  is  the  density  of  current  which 
is  the  important  point,  more  so  than  the  actual  number 

*  Dr.  Lewis  Jones,  "  Brit.  Med.  Journal,"  Feb.  20th,  1892.  An 
improved  instrument  for  the  electroylsis  of  neevi. 
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of  milliamperes  employed.  In  the  treatment  of  uterine 
fibroids  by  electrolysis  the  current  at  both  poles  is  the 
same,  but  at  the  china  clay  abdominal  electrode  the 
density  of  current  per  unit  of  surface  is  small,  by  reason 
of  its  extended  area,  and  no  electrolytic  effects  are  pro- 
duced there,  while  the  intra-uterine  electrode  is  of  much 
smaller  surface,  and  the  density  of  current  is  propor- 
tionately greater,  and  very  decided  electrolytic  effects 
are  produced  at  its  surface.  For  the  present  we  might 
say  that  the  current  density  should  not  exceed  thirty 
milliamperes  per  inch  of  positive  needle  if  it  is  desired 
to  avoid  sloughing  in  a  naevus.  Thus,  with  four  needles 
introduced  for  a  distance  of  one  inch,  two  being  positive, 
a  current  of  sixty  milliamperes  would  be  sufficient ;  and 
with  twice  the  number  introduced  for  half  that  distance 
the  same  current  would  yield  the  same  effects. 

The  apparatus  required. — Ordinary  Leclanche  cells  will 
do  very  well  for  the  electrolysis  of  naevi,  and  the  Hellesen 
dry  cell  also  answers  admirably.  When  cases  are  to  be 
treated  at  their  own  homes,  small  cells  may  be  used  for 
.the  sake  of  their  portability,  but  the  current  required 
will  naturally  tend  to  exhaust  small  cells  rather  fast,  so 
when  possible  it  is  better  to  use  larger  ones.  The  dial 
collector  must  work  very  smoothly,  the  galvanometer 
(§  131)  must  read  up  to  100  milliamperes  or  more. 
Stohrer's  battery  or  any  other  battery  may  take  the  place 
of  the  Leclanche  or  Hellesen  cell,  but  they  are  not  nearly 
so  convenient.    Twenty  cells  are  amply  sufficient. 

The  usual  arrangement  of  wires  is  shown  in  the 
figures,  it  consists  of  two  parts,  (i)  a  main  lead  (fig.  88) 
from  the  pole  of  the  battery  terminating  in  a  binding 
screw,  and  (2)  several  secondary  leads  or  branches  each 
carrying  a  needle,  and  all  attached  to  the  binding  screw 
of  the  main  lead.    The  needles  should  be  of  platinum, 
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and  insulated  except  at  the  ends,  in  some  the  metal 
must  be  bare  for  a  distance  of  half  an  inch,  and  in 


Fig.  88. — Attachment  of  needles. 


others  for  an  inch,  to  suit  the  different  sizes  of  nse\nis. 
The  whole  of  the  bare  part  of  the  needle  must  be  buried 
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in  the  naevus,  in  order  that  an  insulated  part  may  be  in 
contact  with  the  skin,  this  diminishes  the  size  of  the 
marks  which  will  be  left  at  the  points  of  entry,  and  it 
is  for  this  reason  that  needles  are  required  with  bare 
points  of  varying  length.  When  needles  of  one  pole  only 
are  used,  the  other  (indifferent)  electrode  must  be  a  pad 
of  large  size,  to  diminish  as  much  as  possible  the  density 
of  current  at  its  surface  of  contact,  and  also  to  diminish 
the  resistance. 

Care  must  be  taken  to  prevent  the  needles  from 
touching  the  patient's  skin  by  accident,  or  they  will 
destroy  it  at  the  point  of  contact. 

The  needles  are  attached  to  the  ends  of  the  wir,es  in 
various  ways.  Soldering  is  much  the  best,  though 
the  clamp  (fig.  89)  is  convenient.     Unions  effected  by 


Fig.  89. — Clamp  needle  holder. 

twisting  the  wire  round  the  needle  are  bad,  for  they  may 
break  adrift  at  a  critical  moment  and  give  rise  to  shock. 
With  100  milliamperes,  such  shocks  are  dangerous  to 
infants  under  chloroform. 

An  anaesthetic  need  not  always  be  given  with  older 
patients,  but  it  is  far  better  and  more  convenient  that  it 
should  be  used,  the  pain  is  severe  during  the  passage  of 
the  current,  but  does  not  seem  to  persist  after  the  oper- 
ation is  over. 

267.  Port  wine  mark — This  form  of  nsvus  can  be 
attacked  by  a  process  similar  to  that  used  in  epilation, 
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several  needles  may  be  used  at  once,  either  separate  or 
fixed  in  prongs  in  a  handle,  the  result  to  be  aimed  at  is 
a  sort  of  tatooing  of  the  surface,  to  produce  minute 
points  of  destructions  without  confluence  of  the  result- 
ing minute  sores.  Five  miiliamperes  per  needle  point 
is  a  sufficient  current  for  good  results.  The  positive 
pole  is  best,  but  both  may  be  used.  The  cocaine  oint- 
ment mentioned  above  (§  263)  will  usually  suffice  to 
obviate  the  necessity  for  a  general  anaesthetic.  The 
area  affected  must  be  treated  in  a  sporadic  manner  as 
advised  for  the  removal  of  superfluous  hair.  The  result 
is  a  distinct  improvement  in  the  aspect  of  the  surface. 

268.  Aneurysms. — Electrolysis  has  been  tried  for 
the  cure  of  aneurysms,  particularly  for  those  which  are 
not  suitable  for  treatment  by  ligature  or  compression. 
In  many  of  the  cases  recorded,  some  temporary  increase 
of  hardness  has  followed  the  operation,  but  the  cures  are 
but  few,  and  the  punctures  made  in  the  sac  walls  have 
sometimes  led  to  haemorrhage.  The  piercing  of  the  wall 
of  the  aneurysm  by  the  needles,  with  the  consequent 
risk  of  bleeding  is  the  chief  defect  of  the  operation  ;  it 
may  be  lessened  by  the  use  of  needles  insulated  except 
near  their  point,  so  as  to  limit  the  electrolytic  process  to 
the  interior  of  the  aneurysm,  and  to  prevent  any  action 
upon  its  wall. 

The  method  which  is  generally  preferred  is  to  intro- 
duce both  positive  and  negative  needles  into  the  tumovu:; 
the  needles  attached  to  the  positive  pole  become  corroded 
if  they  are  made  of  steel,  but  this  is  not  an  objection, 
for  coagulation  is  promoted  by  the  salts  of  iron  so  pro- 
duced. Ciniselli*'-'  has  collected  23  cases,  of  these,  six 
recovered,  sixteen  died,  and  one  case  disappeared  from 

*  "  Treatment  of  Thoracic  Aneurysms  by  Electro-puncture," 
Milan,  1870. 
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observation.  Some  of  those  reported  as  cured  had 
relapses  a  few  months  later.  See  also  "  Brit.  Med. 
Journal,"  1890,  vol.  i.,  p.  1276,  for  a  report  of  successful 
result  after  thirteen  sittings  in  a  case  of  aortic  aneurysm. 

As  far  as  can  be  made  out  from  the  details  furnished, 
the  electrolysis  of  aneurysm  requires  large  currents  and 
long  sittings.  Twenty,  thirty  or  forty  cells  have  been 
used,  and  the  application  continued  for  half-an-hour  or 
more.  Assuming  the  internal  resistance  to  have  been 
100  ohms  (it  may  have  been  much  lower),  and  putting 
the  electromotive  force  of  the  cells  used  at  one  volt 
a  piece,  then  twenty  cells  would  give  a  current  of  about 
200  milliamp^res,  and  forty  would  give  twice  as  much. 
This  current  if  continued  for  half-an-hour,  would  be 
sufficient  to  set  free  a  considerable  amount  of  electrolytic 
gases,  and  in  some  of  the  cases  we  read  that  the  tumours 
became  resonant  to  percussion  after  the  operation.  The 
free  acids  and  alkalies  produced  by  the  electrolytic 
separation  of  the  neutral  salts  of  the  blood  would  pro- 
bably soon  recombine  in  their  passage  along  the  blood 
stream.  The  clotting  produced  in  the  aneurysm  is  soft 
and  diffluent. 

269.  Stricture  of  the  urethra. — Modern  writers 
on  this  subject  refer  to  Crussel,  1839,  as  the  first  to  use 
electrolysis  for  the  cure  of  this  condition,  and  to  Malhz 
and  Tripier*  as  the  first  to  practise  it  systematically.  A 
good  deal  has  been  made  of  the  difference  between  elec- 
trolysis of  a  stricture,  and  destruction  of  it  by  the  caustic 
alkali  set  free  electrolytically  at  its  surface,  as  though 
the  former  process  were  something  essentially  different 
and  less  injurious  than  the  latter.  It  has  also  been 
claimed  that  the  stricture  can  be  cured  without  any 

•  "  De  la  guerison  durable  des  retrecissements  de  I'urethre  par  la 
galvano-caustique  chimique,"  Paris,  1867, 
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destructive  action  upon  the  mucous  membrane  which 
covers  it.    We  are  disposed  to  think  that  the  yielding 
of  a  stricture  during  electrolysis  is  always  due  to  its 
actual  corrosion  by  the  alkali  liberated  at  the  negative 
pole,  and  that  the  mucous  membrane,  because  it  is 
nearest  to  the  electrode,  must  be  the  first  part  to  perish. 
However,  those  who  have  devoted  considerable  atten- 
tion to  this  matter,  are  inclined  to  believe  that  the 
epithelium  is  not  destroyed,  although  the  fibrous  tissue 
beneath  it  is  removed.    Mr.  Bruce  Clark  in  a  paper  on 
the  subject*'*  says : — "  Where  I  have  had  an  opportunity 
of  treating  an  orifice  stricture  it  is  clearly  demonstrated 
that  with  such  currents  as  one  usually  employs,  no  solu- 
tion of  epithelial  continuity  takes  place,"  and  again: 
"  That  absorption  does  take  place  can  be  witnessed 
when  a  stricture  at  or  within  half  an  inch  of  the  urethral 
orifice  is  submitted  to  treatment.    In  these  cases  the 
surface  of  the  epithelium  is  seen  to  be  gradually  con- 
verted into  a  glutinous  saponaceous-looking  material. 
If  this  be  wiped  carefully  away,  the  surface  is  seen  to 
be  red  and  somewhat  congested  in  appearance,  but  it  is 
perfectly  evident  that  the  epithelium  is  not  entirely 
removed  with  such  currents  as  I  am  in  the  habit  of 
employing." 

In  a  paper  read  at  the  Annual  Meeting  of  the  British 
Medical  Association,  in  1886,  by  Dr.  W.  E.  Steavenson, 
the  following  account  of  electrolysis  of  stricture  occurs: — 
"  No  doubt  this  procedure  will  become  one  of  the  recog- 
nised modes  of  treatment  of  stricture  in  this  country,  as 
it  has  been  for  many  years  on  the  continent  and  in 
America.  Since  our  paper  was  read  the  plan  we  advo- 
cated has  been  adopted  by  several  surgeons  in  London 

♦  The  Treatment  of  Stricture  of  the  Urethra  by  Electrolysis, 
"  The  Practitioner,"  1886. 
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and  in  different  parts  of  the  country.  Favourable  cor- 
roboration of  our  results  has  come  from  St.  Peter's 
Hospital  for  Stone,  from  Dublin,  and  from  private 
sources.  It  may  not  be  destined  to  become  the  most 
usual  mode  of  treatment,  although  the  most  effectual,  be- 
cause of  the  elaborate  apparatus  required,  the  numerous 
details  connected  with  its  application,  and  the  great  care 
and  patience  required  for  its  successful  employment. 

"  For  the  treatment  of  stricture  of  the  urethra,  the 
electrodes  we  have  used  are  catheter-shaped  gum-elastic 
bougies,  ending  in  a  metal  nickel-plated  piece  which  is 
connected  by  a  copper  wire,  which  traverses  the  whole 
length  of  the  bougie,  with  a  binding  screw  on  the 
handle.     The  bougies  were  made  by  Messrs.  Maw,  Son 
and  Thompson.     In  the  electrolysis  of  strictures,  it  does 
not  matter  of  what  metal  the  uninsulated  part  of  the 
bougie  is  made,  as  the  electrode  during  the  passage  of 
the  current  is  kept  negative,  and  therefore  the  metal  is 
not  affected,  and  the  bougie  is  withdrawn  as  bright  as 
when  introduced.    In  one  or  two  of  our  earlier  cases,  so 
httle  sensation  was  produced  in  the  patient  during  the 
passage  of  the  current,  that  it  was  difficult  to  beheve,  in 
the  absence  of  a  galvanometer,  that  any  decomposition 
was  taking  place  at  all.     The  current  was  therefore 
once  or  twice  reversed  with  the  commutator  for  a  second 
or  two,  with  the  result  of  immediately  oxidising  the 
nickel  plating  on  our  electrode,  which  will  be  seen  in 
some  of  the  instruments  I  have  brought  with  me.  The 
shock  of  making  and  breaking  the  current  soon  satisfied 
us  and  the  patient  that  some  uncommon  force  was 
present  in  his  urethra.     The  other  electrode  in  the 
shape  of  a  flat  plate  of  tin  covered  with  amadou  to 
retain  moisture,  is  placed  upon  the  patient's  back  if  he 
IS  m  a  recumbent  position,  or  it  may  be  placed  on  any 
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Other  indifferent  part  of  the  body,  such  as  the  inside  of 
the  thigh.    The  metal  plate  is  made  positive. 

"  An  ordinary  bougie  is  first  passed  down  to  the  stric- 
ture, and  by  its  means  the  distance  of  the  stricture  from 
the  meatus  is  ascertained,  and  a  mark  made  on  the 
bougie.    It  is  then  found  out  what  sized  bougie  will 
pass  the  stricture.     Say,  for  instance,  it  is  ascertained 
that  a  No.  3  bougie  (EngUsh)  will  pass ;  a  No.  5  elec- 
trode is  then  taken  and  passed  down  to  the  stricture, 
where  it  is  arrested.     It  can  be  made  certain  that  the 
electrode  is  arrested  at  the  stricture  by  previously  mark- 
ing it,  after  measurement  and  comparison  with  the 
bougie  first  passed.    When  the  electrode  is  in  position 
against  the  stricture,  it  is  connected  with  the  negative 
pole  of  the  battery,  and  the  current  closed  and  then 
gradually  increased  without  breaks  until  the  maximum 
strength  of  current  is  reached  that  it  is  intended  to 
employ,  namely,  about  five  or  six  milliamperes.  The 
electrode  is  kept  gently  pressed  against  the  stricture  in 
the  direction  of  the  ordinary  course  of  the  urethra.  No 
force  is  used,  but  the  current  is  allowed  to  do  the  work. 
The  surgeon  has  to  keep  his  attention  continually  ap- 
plied to  the  electrode,  so  as  to  guide  it  in  the  right 
direction,  otherwise  a  false  passage  may  be  dissolved 
into  the  side  of  the  urethra.    Therefore  skill  in  passing 
a  catheter  is  a  requisition.     In  the  hands  of  a  surgeon 
who  knows  his  way  into  the  bladder,  a  false  passage  is 
not  more  likely  to  be  produced  than  is  the  case  in  pass- 
ing an  ordinary  catheter.    The  electrode  is  to  be  kept 
gently  pressed  against  the  stricture  in  the  normal  di- 
rection of  the  urethra  until,  from  the  dissolution  of  the 
obstacle  in  front  of  it,  it  passes  into  the  bladder.  The 
current  then  should  immediately  be  cut  off,  and  the 
bougie  withdrawn.    The  duration  of  the  operation  de- 
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pends  upon  the  density  of  the  stricture  and  the  strength 
of  the  current  used. 

"  Although  as  a  guide  I  have  mentioned  that  the  cur- 
rent should  be  about  six  milliamp^res,  the  strength 
really  used  is  regulated  by  the  patient  himself.  One 
great  object  is  to  avoid  giving  pain,  and  by  this  means 
a  too  great  destruction  of  tissue  is  prevented.  We 
require  our  patient  to  be  conscious  ;  therefore  no  anaes- 
thetic is  used,  or  indeed  necessary,  for  the  only  sensation 
produced  is  a  sHght  pricking  at  the  seat  of  the  stricture. 
If  anything  amounting  to  pain  should  be  complained  of, 
the  strength  of  the  current  has  to  be  diminished.  On 
removing  the  electrode,  there  is  sometimes  found  on  it 
some  slimy  matter  like  disintegrated  tissue ;  and  the 
patient  is  often  immediately  after  its  withdrawal  enabled 
to  pass  urine  with  increased  facility  and  with  very  little 
discomfort.  After  the  operation  we  have  left  the  patient: 
entirely  free,  without  any  interference,  for  usually  the 
space  of  ten  days  or  a  fortnight,  and  then  have  tried 
what  sized  bougie  would  pass.  If  no  disintegrated  tis- 
sue comes  out  upon  the  electrode,  some  sort  of  slough 
or  eschar  is  thrown  off  at  a  later  period — the  next  day, 
or  a  day  or  two  after  the  operation,  during  the  passage 
of  urine. 

"  Going  back  to  the  example  we  have  already  taken, 
if,  after  dissolving  the  stricture,  it  has  been  possible  to 
pass  a  No.  5  electrode  into  the  bladder,  after  the  rest 
of  a  fortnight  it  is  usually  found  that  a  No.  7  bougie 
can  be  passed.  Should  that  be  the  limit  of  the  increased 
calibre  of  the  passage,  a  No.  9  electrode  is  taken,  and 
the  same  operation  repeated  as  before  described,  and  so 
on  after  the  interval  of  another  fortnight,  until  the 
stricture  is  cured.  Before  the  Royal  Medical  and 
Chirurgical  Society  we  summed  up  the  results  of  our 
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investigations  as  follows  :  In  the  treatment  of  stricture 
of  the  urethra  by  electrolysis,  there  is  usually  no  bleed- 
ing. If  haemorrhage  does  occur,  it  is  accidental,  and 
usually  shows  that  a  too  strong  current  or  the  wrong 
pole  of  the  battery  has  been  used.  No  anaesthetic  is 
required.  It  is  an  assistance  to  the  operation  that  the 
patient  should  remain  conscious.  The  pain  or  dis- 
comfort produced  is  trifling.  The  patient  can  in  the 
case  of  a  slight  stricture  pursue  his  ordinary  occupation 
during  the  period  of  treatment.  No  antiseptics  are  re- 
quired, as  the  process  itself  is  aseptic.  In  the  majority 
of  cases  there  is  no  contraction  or  return  of  the  stric- 
ture. 

"  Eschars  formed  by  caustic  alkahes  are  said  to  heal 
with  less  contraction  than  wounds  produced  in  any 
other  way,  and  electrolysis  with  the  negative  pole  is  a 
means  of  applying  the  destructive  action  caused  by 
the  caustic  alkalies  to  parts  difficult  of  access,  and 
in  a  way  which  is  impossible  by  any  other  method. 
But  beyond  this,  the  current  appears  to  set  up  an  ab- 
sorptive action  around  and  within  the  dense  cicatricial 
tissue  which  forms  the  stricture,  so  that  it  gradually 
disappears.    This  we  have  seen  in  several  ways.  After 
electrolysis  has  proceeded  so  that  the  electrode  will  pass 
into  the  bladder,  it  is  found  a  fortnight  later  that  a 
bougie  of  two  sizes  larger  can  be  passed.  Additional 
absorption  must  therefore  have  taken  place  in  the  in- 
terval.   And  again  in  penile  strictures,  where  we  have 
been  able  to  feel  the  hard  dense  tissue  of  which  they 
are  formed,  a  few  days  after  electrolysis,  we  have  noticed 
that  this  hardness  has  disappeared. 

"  This  progressive  improvement  after  the  termination 
of  treatment  is  very  remarkable,  and  lends  some  colour 
to  the  beUef  that  an  actual  absorption  of  fibrous  tissue 
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may  be  determined  by  the  passage  of  the  current.  It 
has  also  been  stated  that  the  cure  is  more  permanent 
than  it  is  after  ordinary  dilatation." — For  reports  of 
Mr.  Bruce  Clarke's  cases,  with  their  subsequent  history, 
see  "  Practitioner,"  1886.  "  British  Medical  Journal," 
i8go,  vol.  i.,  p.  942. 

In  a  letter  of  recent  date  (1892)  Mr.  Bruce  Clarke 
writes  that  he  still  considers  the  results  of  electrolysis 
to  be  extremely  good  and  permanent  in  cases  of  stric- 
ture. Of  a  patient  who  was  treated  by  him  in  1885, 
he  says  : — "  I  saw  him  a  few  days  ago,  and  passed  a 
No.  II  with  the  greatest  ease.  No  instrument  has  been 
passed  since  the  operation,  except  by  myself  once  or 
twice  for  purposes  of  diagnosis." 

270.  Stricture  of  the  oesophagus. — Electrolysis 
has  been  recommended  for  this  form  of  stricture  by 
most  writers  on  medical  electricity.  We  have  not  been 
able  to  find  any  report  of  a  case. 

271.  Stricture  of  the  rectum. — This  can  also  be 
treated  by  means  of  electrodes  shaped  like  rectal  bougies, 
which  are  connected  to  the  negative  pole  of  the  battery. 
A  bougie  is  selected  of  a  size  rather  larger  than  the 
stricture,  to  which  it  is  applied  firmly.  A  current  of 
five  or  ten  milliamperes  is  passed.  After  a  variable 
time  the  stricture  gives  way,  and  the  bougie  passes 
through  it.  The  time  of  each  operation  may  be  from 
ten  minutes  to  half  an  hour.  The  operation  is  repeated 
with  a  larger  instrument  in  ten  days  or  a  fortnight.  No 
anaesthetic  is  required. 

272.  Eustachian  obstruction  In  the  "Lancet" 

for  Nov.  1888,  a  paper  on  electrolysis  of  the  Eustachian 
tube  was  published  by  Mr.  Cumberbatch  and  Dr.  W.  E. 
Steavenson.  The  authors  described  their  methods  as 
follows : — "  The  instrument   consists   of  a  vulcanite 
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Eustachian  catheter  and  an  electrical  bougie  (fig.  90), 
the  bougie  is  made  of  a  fine  flexible  copper  cord  about 
seven  or  eight  inches  long,  insulated  by  vulcanite  to 
within  an  eighth  of  an  inch  of  its  end.  The  ends  are 
soldered  into  a  nickel  plated  cap.  The  bougie  is  small 
enough  to  pass  along  the  catheter,  and  exceeds  it  in 
length  by  about  an  inch.  The  handle  end  of  the  bougie 
is  provided  with  a  binding  screw,  to  which  the  insulated 
copper  wire  is  also  attached,  for  the  purpose  of  con- 
necting a  rheophore  from  the  battery.  On  this  end  of 
the  bougie  an  inch  is  marked  off  divided  into  eighths. 


Fig.  90. — Eustachian  catheter  electrode. 

Each  eighth  of  the  inch  passes  into  the  catheter  as  one 
eighth  protrudes  at  the  other  end.  It  is  therefore  pos- 
sible to  tell,  when  the  catheter  is  in  the  orifice  of  the 
Eustachian  tube,  how  much  of  the  bougie  is  in  the 
canal.  On  the  cathether  there  is  a  metal  ring,  or  some 
other  mark,  to  indicate  the  direction  of  its  end  when  it 
is  being  inserted. 

Electrolysis  of  the  Eustachian  tube  is  performed  in 
much  the  same  way  as  the  electrolysis  of  the  other 
mucous  passages.  A  pad  connected  -with  the  positive 
pole  of  a  battery  is  moistened  and  placed  at  the  back  of 
the  patient's  neck.  The  Eustachian  catheter  is  then 
passed  along  the  nostril  and  guided  into  the  tube ;  the 
bougie,  already  attached  to  the  negative  pole  of  the 
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battery,  is  passed  along  the  catheter  and  Eustachian 
canal  as  far  as  it  will  go,  until  it  meets  an  obstruction. 
The  circuit  is  then  closed.  A  galvanometer  should  be 
included  in  the  circuit,  and  the  current  gradually  in- 
creased up  to  four  milliamperes.  A  frizzling  noise  will 
be  heard  by  the  patient  in  his  head,  and  the  operator, 
by  approaching  his  ear  to  the  catheter,  may  hear  the 
crackling  produced  by  the  breaking  of  minute  bubbles 
of  gas.  The  electrolysis  is  kept  up  for  four  minutes, 
and  usually  before  the  expiration  of  that  time,  if  it  is 
possible  that  the  obstruction  can  be  removed,  it  will  be 
found  that  the  bougie  can  be  pushed  on  for  a  small 
distance,  sometimes  for  its  full  length.  Generally  on 
the  first  occasion  the  Eustachian  tube  is  rather  sensitive, 
but  it  seems  to  acquire  toleration  for  the  process,  and  at 
no  time  is  so  much  discomfort  experienced  as  might  be 
expected.  The  operation  has  now  been  performed  a 
large  number  of  times  without  any  unpleasant  experi- 
ences, nor  has  the  treatment  caused  any  pain,  either  at 
the  time  or  afterwards. 

In  favourable  cases  there  is  an  immediate  improve- 
ment in  the  hearing,  as  tested  by  the  greater  distance 
at  which  a  watch  can  be  heard  after  the  passage  of  the 
instrument ;  the  distance  at  which  it  is  heard  may  be 
doubled.  In  other  cases  the  results  are  not  so  good, 
partly  from  the  difficulty  of  reaching  the  Eustachian 
tube,  and  partly  no  doubt  from  other  causes." — 

273.  Lachrymal  obstruction. — In  a  paper  by  Mr. 
Jessop  and  Dr.  Steavenson-''-  an  account  is  given  of  ten 
cases  of  lachrymal  obstruction  treated  by  electrolysis. 
The  advantage  of  the  method  is  again  due  to  the  ease 
with  which  the  action  can  be  confined  to  the  exact 
parts  needing  treatment.  The  instrument  used  by 
*  "  Brit.  Med.  Journal,"  December,  1887. 
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them  is  a  curved  platinum  probe.  The  operation  is 
very  simple  ;  the  current  required  is  small,  two  to  four 
milliamperes  being  sufficient,  and  the  duration  is  thirty 
seconds.  No  aneesthetic  is  needed;  the  probe  must 
always  be  negative,  the  positive  pole  being  the  usual 
pad  indifferent  electrode.  Two  or  three  sittings  suffice 
to  produce  cure  of  the  obstruction.  The  cases  related 
are  confined  to  those  in  which  the  obstruction  was  at 
the  puncture  or  in  the  canaliculus,  and  not  in  the  sac 
itself.  The  operation  is  simpler  than  the  slitting  up  of 
the  canaliculus,  and  the  improvement  is  permanent. 

274.  Electrolysis  for  uterine  fibroids  Since  the 

publication  by  Dr.  Georges  Apostoli  of  his  method  of 
treating  fibro-myoraa,  an  immense  amount  of  literature 
has  been  produced  on  the  subject. *•■»  Much  has  been 
said  both  for  and  against  Apostoli's  treatment,  and  the 
enthusiasm  which  was  at  first  shown  in  its  favour  by 
many  writers,  has  to  a  large  extent  been  followed  by  a 
reaction  against  it.  There  is  no  doubt,  however,  that 
electrolysis  must  hold  an  important  place  in  the  treat- 
ment of  fibroids,  because  it  offers  an  alternative  to  the 
very  serious  operation  of  abdominal  section,  and  in 
many  cases  it  affords  great  relief  to  the  symptoms  of  the 
patient,  even  if  it  does  not  effect  a  radical  cure  of  the 
disease.  We  propose  here  to  give  a  short  abstract  of 
Dr.  Carlefs-Jf  original  paper,  produced  under  the  imme- 
diate direction  of  Dr.  Apostoli. 

The  early  attempts  at  treating  fibroids  by  electrolysis 
were  done  by  Cutter,  1871  ;  Routh  and  Althaus,  1873; 
Bracket,   1875;    Semeleder,   1876;   Everett,  1878;  Aivie 

*  See  the  Medical  Journals,  1888,  i88g,  and  publications  by  Drs. 
Steavenson,  Bartholow,  Bigelow,  Keith,  Massey,  Engelmann  and 
many  others. 

t  "  La  traitement  electrique  des  tumeurs  fibreuses  de  I'uterus," 
Dr.  Lucien  Carlet,  Paris,  1884. 
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Martin,  1879;  Gallard,  1881.  In  1882  Apostoli  commu- 
nicated a  paper  to  the  Academie  de  Medecine,  in  which 
he  described  his  method  of  procedure.  He  recom- 
mended an  internal  positive  electrode  of  platinum,  and 
an  abdominal  electrode  (negative)  of  moist  china  clay 
of  large  surface,  and  a  continuous  current  of  sixty  to 
seventy  milliamperes,  for  from  five  to  fifteen  minutes. 
In  certain  cases  when  the  internal  electrode  could  not 
be  passed  into  the  cavity  of  the  uterus,  he  thrust  it 
through  the  cervix  into  the  tissue  of  the  uterus  instead. 
Sittings  once  or  twice  a  week.  The  action  of  the  cur- 
rent was  to  produce  destruction  of  the  uterine  mucous 
membrane.  The  results  were  to  reduce  the  size  of  the 
uterus,  and  to  decrease  the  haemorrhage.  The  de- 
struction of  the  mucous  membrane  is  followed  by  a 
healthy  process  of  repair,  by  a  process  of  involution, 
and  by  a  cicatrisation  which  checks  the  metrorrhagia. 

Drs.  Apostoli  and  Carlet  arrange  their  account  of  the 
operation  as  follows  : — 

1.  The  seat  of  the  operation. — It  must  be  intra-uterine, 
and  the  internal  electrode  must  occupy  the  whole  depth 
of  the  uterine  cavity.  To  puncture  the  uterus  from  the 
abdomen  is  dangerous,  for  suppuration  and  peritonitis 
are  likely  to  follow,  adhesions  are  likely  to  be  formed, 
and  the  uterine  mucous  membrane  is  not  touched. 

2.  The  nature  of  the  operation. —The  positive  pole  is 
indicated  for  the  internal  electrode  when  hemorrhage 
is  the  chief  symptom,  the  negative  pole  may  be  used 
when  the  fibroids  are  large,  hard  and  subperitoneal,  and 
when  there  is  not  much  haemorrhage,  for  if  anything  it 
mcreases  the  tendency  to  bleeding. 

The  current  must  be  quite  uniform,  and  must  be 
raised  and  lowered  very  gradually,  sudden  interrup- 
tions with  the  large  currents  used  are  sufficient  to  give 
dangerous  shocks. 
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3.  The  strength  of  airrent. — The  maximum  strength 
which  the  patient  can  bear  is  to  be  employed ;  when 
the  uterus  is  large,  a  greater  strength  is  needed  to  pro- 
duce the  same  density  of  current  (see  §  137).  Cau- 
terization is  easily  obtained  in  an  uterus  of  little  length 
owing  to  the  smaller  surface  for  distribution  of  the 
current,  but  a  much  greater  current  is  needed  with  a 
lengthened  uterus,  owing  to   its  greater  area.  One 
hundred  milhamperes  is  the  mean  strength  used  by 
Apostoli  since  1883  (date  of  Dr.  Carlet's  paper,  1884), 
and  this  is  generally  well  borne  by  the  uterus.  In 
hysterical  patients  the  current  is  not  well  borne,  or 
rather  a  fit  may  threaten,  unless  the  current  is  very 
cautiously  increased.   The  operation  must  not  be  under- 
taken during  acute  perimetritis  (or  any  other  febrile 
condition) . 

4.  The  duration  of  the  operation. — The  mean  duration 
should  be  from  five  to  ten  minutes,  according  to  the 
gravity  of  the  case  and  the  tolerance  of  the  patient. 
When  patients  have  to  return  home  immediately  after- 
wards, five  minutes  suffices  in  most  cases.  A  strong 
current  for  a  shorter  time  is  better  than  a  lesser  current 
for  a  longer  time. 

5.  The  number  of  sittings. — An  absolute  cure  with  com. 
plete  restoration  to  health  {ad  integrum),  is  and  will  ever 
be,  beyond  our  medical  resources.  Our  hope  is  that 
we  may  reduce  the  size  of  the  tumour  by  one-half  or 
one-third,  and  remove  the  symptoms.  Whether  the 
tumours  persist  or  not,  the  operator  should  persevere 
until  the  symptoms  are  relieved,  and  he  ought  not  to 
be  satisfied  till  this  goal  is  reached.  "He  should 
depend  on  the  general  condition  and  statements  of  the 
patient,  and  not  on  what  digital  exploration  reveals." 

Twenty  or  thirty  sittings  is  the  mean  number,  but 
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many  patients  declare  themselves  cured  after  five  to  ten 
sittings.  "If  after  great  amelioration  the  patient  desires 
to  gain  all  she  can  from  the  treatment,  it  may  be  re- 
sumed, but  the  progress  will  be  much  more  slow  than 
at  the  commencement." 

6.  Choice  of  time. — When  pain  and  losses  are  not  very 
great  and  other  symptoms  are  not  acute,  choose  the 
inter-menstrual  period,  but  on  the  other  hand,  with 
serious  symptoms  making  life  miserable  or  endangering 
it,  begin  at  once,  even  during  severe  bleeding. 

The  interval  between  sittings  should  be  long  enough 
for  all  pain  or  discharge  produced  by  the  previous  ones 
to  have  ceased.  The  operation  may  be  performed  once 
a  week,  or  even  twice  a  week  if  the  patient  is  able  to 
keep  her  bed  or  to  remain  very  quiet. 

7.  Technical  details. — Before  commencing,  explain  to 
the  patient  what  is  going  to  be  done,  make  sure  that 
the  battery  is  in  good  order,  and  that  all  wires  and 
connections  are  sound,  disinfect  the  internal  electrode, 
adapt  the  abdominal  electrode  of  potter's  clay  carefully 
to  the  surface  of  the  skin,  first  covering  any  little  abra- 
sion or  acne  spot,  however  small,  with  a  piece  of  oiled 
silk  or  guttapercha  tissue.  The  patient  must  remove 
her  stays  and  loosen  all  her  skirts,  and  the  abdomen 
must  be  quite  bare.  She  must  recline  on  her  back  on  a 
couch  or  across  the  bed,  the  vagina  must  be  thoroughly 
syringed  out ;  finally  she  must  be  assured  that  the  oper- 
ation will  not  be  very  painful,  and  that  at  the  slightest 
sign  from  her  the  strength  of  current  will  be  reduced, 
on  the  other  hand  she  must  be  encouraged  not  to  com- 
plain unnecessarily  ;  place  the  clay  electrode  on  the 
abdomen,  see  that  its  margins  do  not  touch  the  groins 
or  pubes,  attach  the  battery  wire,  then  introduce  the 
internal  electrode  with  great  care  and  gentleness.  (This 
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is  the  most  difficult  part  of  the  operation,  and  it  may  be 
better  to  do  it  before  applying  the  abdominal  electrode). 
Make  sure  that  it  has  passed  to  the  full  length  of  the 
uterus,  examine  to  see  that  the  vagina  and  vulva  are 
perfectly  shielded  from  metallic  contacts,  and  encourage 
the  patient  to  press  with  her  palms  upon  the  clay  elec- 
trode, so  as  to  keep  it  well  applied.  Do  not  commence 
the  current  till  all  pain  from  the  introduction  of  the 
electrode  has  passed  off.  After  the  operation  tell  the 
woman  that  she  will  have  pains  for  a  few  hours,  and  a 
slightly  tinged  discharge  for  a  day  or  two.  She  must 
rest  for  two  hours  before  going  home,  and  must  then  lie 
down.  Walking  exercise  is  bad.  Conjugal  relations 
must  be  absolutely  forbidden. 

Weak  injections  of  Condy's  fluid  or  carbolic  lotion 
should  be  used  once  daily. 


Fig.  gi. — Apostoli's  uterine  electrode  and  sheath. 

The  intra-uterine  electrode  has  the  shape  of  a  sound, 
insulated  except  at  its  extremity,  this  part  must  be  of 
platinum,  and  its  length  should  be  capable  of  adjust- 
ment to  suit  the  length  of  the  uterus.  The  insulation 
should  reach  sufficiently  far  to  protect  the  cervix  uteri 
as  well  as  the  vagina.  Care  must  be  taken  that  no 
bare  metal  touches  the  vulva,  or  the  skin  of  the  thighs, 
or  a  painful  sore  place  will  be  produced. 

Dr.  Apostoli's  sovmd  (fig.  gi)  is  fitted  with  a  sUding 
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vulcanite  sheath ;  platinum  pieces,  either  sharp  or  blunt, 
are  screwed  into  the  end  of  the  shaft,  and  are  chosen  of 
a  length  to  suit  that  of  the  uterine  cavity.  Subsequently 
Steavenson  modified  and  improved  the  original  pattern 
by  making  an  electrode  shaped  like  a  hard  rubber 
catheter  with  a  platinum  tip  (fig.  92).  The  advantage 
of  this  shape  is  that  the  instrument  is  more  flexible 
and  more  easily  introduced  into  the  uterus,  and  the 
insulation  part  is  not  thicker  than  the  rest,  therefore 
it  can  enter  more  easily  into  the  cervix  so  as  to  protect 


Fig.  92.— Steavensons  electrode  for  fibro-myoma. 

that  part.  If  this  form  of  electrode  be  used  it  will  be 
necessary  to  have  a  set  with  platinum  ends  of  different 
lengths,  whereas  Apostoli's  sound  can  be  altered  to  suit 
each  case  by  means  of  changing  the  platinum  points. 

The  electrodes  with  sharp  points  are  made  for 
puncturing  the  uterus  when  the  cervical  canal  cannot 
be  reached.  Puncture,  however,  is  now  very  rarely 
practised. 

An  ordinary  uterine  sound  made  with  a  platinum 
point  and  fitted  with  a  binding  screw  answers  the 
purpose  very  well,  the  stem  can  be  insulated  by  a  thin 
soft  rubber  tube  slipped  over  it,  leaving  bare  the  appro- 
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priate  length  at  the  end,  this  soft  tube  will  enter  the 
cervical  canal  quite  well,  the  advantage  is  that  such 
an  instrument  can  be  kept  absolutely  clean,  a  new  piece 
of  rubber  being  slipped  on  for  each  operation  and  a 
little  vaseline  smeared  over  to  protect  against  any  pos- 
sible escape  of  current  through  minute  holes  in  the 
rubber. 

The  abdominal  electrode  is  prepared  by  making  up  a 
putty  like  mass  with  the  potter's  clay  and  water,  it  is 
then  spread  out  evenly  on  a  piece  of  muslin  in  a  layer 
half  an  inch  thick.  A  metal  plate  with  binding  screw 
is  embedded  in  its  upper  surface,  and  the  muslin  is 
folded  over  to  enclose  a  round  cake  of  the  clay.  It 
should  measure  about  nine  or  ten  inches  in  diameter. 

The  preparation  of  this  electrode  is  rather  trouble- 
some, and  it  is  heavy  and  rather  messy  for  the  patient, 
but  it  adapts  itself  well  to  the  surface  of  the  abdomen 
and  gives  good  results.  Substitutes  for  it  have  been 
devised,  such  as  large  flat  bags  of  bladder  or  dialysing 
parchment  containing  warm  water.  These  will  also 
adapt  themselves  very  closely.  Metal  plates  covered 
with  moistened  flannel,  or  carbon  in  small  lumps  covered 
with  flannel  to  form  a  cushion  have  also  been  tried. 

A  firm  cake  of  gelatine  also  conducts  very  well,  and 
is  easily  prepared  in  a  dinner  plate.  It  is  rather  sticky 
and  unpleasant,  however,  as  it  has  a  tendency  to  melt 
at  the  temperature  of  the  body.  The  addition  of  one  or 
two  per  cent,  of  alum  will  prevent  this,  and  improve  the 
pad,  which  is  to  be  enclosed  in  muslin,  and  used  exactly 
as  the  clay  electrode.  It  is  then  much  more  cleanly 
and  agreeable  than  the  potter's  clay. 

In  a  communication   on  the  use  of  electricity  in 
gyncecology'*  Drs.  Aust-Lawrence  and  Newnham,  writing 
•  "  British  Medical  Journal,"  November,  1891. 
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after  its  use  in  one  hundred  cases  anive  at  the  following 
conclusions.  In  Myoma  the  results  have  been  as 
follows  :—"  There  has  not  been  a  very  great  reduction 
in  the  size  of  the  tumours,  but  rapidly  growing  tumours 
have  been  checked  in  their  growth  in  all  instances 
except  one.  The  bleeding  has  been  lessened  in  a  very 
marked  manner  by  the  intra-uterine  use  of  the  positive 
pole.  The  pain  also  has  been  lessened  and  in  some 
cases  removed  entirely.  The  general  health  has  been 
much  improved,  the  feeling  of  weight  has  been  relieved 
to  a  great  extent,  and  this  out  of  all  proportion  to  the 
diminution  in  the  size  of  the  tumour." 

They  do  not  regard  electricity  as  a  means  of  cure  or 
even  of  relief  in  all  cases  of  myoma  uteri ;  but  consider 
it  a  very  valuable  addition  to  the  means  of  treating  a 
very  troublesome  set  of  cases. 

They  also  mention  a  patient  who  continued  to  have 
profuse  uterine  haemorrhage  from  a  fibroid  after  removal 
of  both  appendages,  the  haemorrhage  was  very  much 
lessened  by  subsequent  electrical  treatment. 

275.  Other  uterine  disorders.Siibinvolution.  Elec- 
trolysis has  also  been  used  by  the  same  writers  for 
subinvolution.  The  intraruterine  application  of  the 
positive  pole  with  a  current  of  fifty  milUamperes  given 
once  a  week  for  three  or  four  times  has  a  very  good 
effect,  the  uterus  very  rapidly  undergoing  involution, 
but  they  are  of  opinion  that  when  endometritis  is  pre- 
sent, other  intra-uterine  medication  gives  better  results. 

Stenosis  of  the  cervix  can  be  removed  by  electrolysis 
very  much  in  the  same  way  as  in  the  treatment  of 
stricture.  Five  or  ten  milliamperes  for  a  few  minutes 
usually  suffice  to  enlarge  the  canal  of  the  cervix. 
Several  electrodes  of  different  sizes  may  be  required, 
the  gain  in  cahbre  is  said  to  be  permanent. 
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Dysmenovvhosa  and  Menorrhagia. — The  caustic  action  of 
the  negative  pole  has  been  tried  for  membranous  dys- 
menorrhoea,  the  method  is  exactly  the  same  as  that  used 
for  fibroids,  and  menorrhagia  apart  from  fibroids  has 
been  similarly  treated  by  the  positive  pole. 

276.  Extra-uterine  foetation. — Attempts  have  been 
made  to  arrest  the  progress  of  extra-uterine  foetation 
by  electrical  treatment,  and  successful  cases  have  been 
reported  after  galvanism  and  after  faradism,  most  of 
them  by  American  medical  men.  At  the  Meeting  of  the 
British  Medical  Association  at  Brighton,  in  1886,  Dr. 
Aveling  and  Dr.  Fetch  both  made  communications  on  the 
subject,  each  reporting  one  successful  case,  the  former 
treated  his  patient,  whose  pregnancy  had  lasted  three 
months,  by  faradic  currents,  which  do  not  seem  to  have 
been  at  all  powerful.  One  pole  was  placed  on  the  ab- 
dominal surface  and  the  other  in  the  vagina  so  that  the 
tumour  was  included  between  them  ;  after  three  sittings 
the  tumour  began  to  diminish  and  the  patient  made  a 
good  recovery.  Dr.  Fetch's  patient  had  been  pregnant 
for  about  six  months,  and  the  foetal  heart  sounds  were 
audible.  Two  needles  were  introduced  through  the 
abdominal  wall,  one  at  either  end  of  the  tumour,  they 
were  insulated  except  for  three  quarters  of  an  inch  at 
their  points,  and  a  current  from  thirty  Leclanche  cells 
was  passed*  for  one  hour,  the  mother  was  not  anaes- 
thetised, and  felt  only  slight  pain,  the  heart  sounds  were 
not  affected  at  the  time,  but  four  days  later  they  had 
ceased,  the  patient  made  a  good  recovery  and  had 
continued  well  for  two  or  three  years  since  the  operation. 
In  the  discussion  which  followed  the  reading  of  these 
papers  several  speakers  related  cases  of  a  similar  kind 
which  had  occurred  to  themselves,  and  the  generally 
*  Probably  about  250  miliamperes. 
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expressed  opinion  was  that  electrical  treatment  might 
be  useful  when  extra-uterine  pregnancy  could  be  dia- 
gnosed before  the  end  of  the  third  or  fourth  month,  and 
before  rupture  of  the  tube  had  taken  place ;  when  the 
pregnancy  was  further  advanced,  electricity  was  not  so 
valuable,  because  even  if  the  fcetus  could  be  destroyed 
by  its  means,  there  was  still  considerable  risk  to  the 
mother  of  septic  poisoning  from  the  retention  of  the 
dead  foetus,  and  it  was  not  likely  to  undergo  absorption, 
although  in  Dr.  Fetch's  case  the  tumour,  a  foetus  at  six 
months,  had  been  reabsorbed  without  accident.  On 
these  grounds  Mr.  Lawson  Tait  emphatically  condemned 
the  use  of  electricity,  and  because  it  was  extremely  diffi- 
cult to  diagnose  the  tubal  pregnancy  before  rupture,  he 
considered  that  abdominal  section  was  far  preferable. 

In  the  St.  Bartholomew's  Hospital  Reports,  vol.  xix., 
1883,  Dr.  Matthews  Duncan  and  Dr.  Mason  have  published 
a  paper  on  extra-uterine  foetation,  with  an  account  of 
one  case  in  which  electrolysis  had  been  tried  ;  the  preg- 
nancy had  lasted  five  months  and  the  foetal  heart  was 
audible.  Electrolysis  was  practised  on  two  occasions 
with  a  fortnight's  interval.  The  current  of  forty  cells 
was  employed  for  six  minutes,  on  the  first  occasion  the 
poles  were  in  the  vagina  and  on  the  abdomen  respect- 
ively ;  on  the  second  occasion  two  needles  connected 
with  the  negative  pole  were  thrust  into  the  tumour 
while  the  positive  was  applied  to  the  abdominal  surface 
as  before. 

The  foetal  heart  was  not  arrested  on  either  occasion. 
Other  means  of  destroying  the  fcetus  were  then  em- 
ployed, and  the  patient  died  of  peritonitis  a  week  after 
the  second  sitting;  post-mortem  the  foetus  was  found 
very  considerably  macerated,  this  was  considered  to 
have  been  due  to  the  electrical  treatment. 
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Dr.  Percy  BoiiUon'^'  has  published  a  case  of  early  (six 
or  eight  weeks)  extra-uterine  foetation,  where  electrolysis 
proved  fatal  from  peritonitis,  but  there  was  no  post- 
mortem examination  to  show  what  changes  had  been 
set  up  in  the  tumour.  The  case  shows  that  electro- 
lysis, even  in  the  early  months,  is  not  free  from  danger. 

Dr.  Lawson  Tait  and  other  speakers  at  the  Brighton 
Meeting  pointed  out  that  very  often  tubal  pregnancy 
may  undergo  spontaneous  cure.  It  is  very  likely  that 
some  of  those  said  to  have  been  cured  by  faradic  shocks 
were  really  cases  of  this  kind,  because  it  is  difficult 
to  see  how  a  moderate  faradic  current,  diffused  through 
the  large  sectional  area  of  the  abdomen,  could  exert  any 
effect  at  all  upon  the  tissues  of  a  young  fcetus,  though  it 
might  possibly  produce  some  mechanical  compression 
by  setting  up  tonic  contraction  of  the  muscle  fibres  in 
the  Fallopian  tube  round  it.  To  slay  even  a  small 
animal  it  is  necessary  to  have  very  powerful  faradic 
currents,  carefully  concentrated  upon  a  vital  part.  A 
fcetus  lying  in  the  midst  of  the  conducting  tissues  of  the 
abdomen  could  only  receive  a  small  fraction  of  the  com- 
paratively small  total  current  yielded  by  a  medical  coil. 

277.  Cancer. — The  destruction  of  cancerous  tumours 
by  electrolysis  has  been  proposed. 

Although  it  is  not  likely  that  electrolytic  treatment 
will  do  more  than  produce  sloughing  of  parts  of  a 
cancer,  yet  it  is  sometimes  useful,  when  nothing  else 
can  be  done,  because  the  pain  of  the  cancer  is  often 
much  diminished  after  electrolysis,  as  has  been  ob- 
served bv  AUhaus.  Cures  of  cancer  by  electrolysis  will 
be  found'  reported  in  many  of  the  books  on  electrical 
treatment,  but  a  close  study  will  usually  reveal  some 
weak  point  in  the  history  of  the  cases  related.  (See 
also,  §  253). 

«  "  Brit.  Med.  Journal,"  April,  18S7. 
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CHAPTER  XVI. 
Cautery  and  Lighting  Instruments. 

The  galvano-cautery.    Batteries  for  cautery  purposes.  Accumu 
lators.    Wires  and  leads.    Lamps.    Batteries  for  lamps.    Rheo  ^ 
stats.    The  cystoscope.     The  panelectroscope.     The  use  of 
electric  light  mains.    The  electromagnet. 

278.  The  galvanic  cautery.— The  forms  of  galvano- 
cautery  in  common  use  are  almost  innumerable,  but 
their  plan  of  construction  depends  upon  one  general 
principle.  The  small  cauteries  used  for  operations  on 
the  ear,  eye,  throat  or  nose,  consist  of  small  loops  of  pla- 
tinum wire  mounted  on  straight  or  curved  copper  leads, 
which  are  insulated  from  each  other,  and  then  bound 
together  to  form  a  convenient  stem  (fig.  93).     These  fit 


Fig.  93. — Galvano-cauteries. 

into  a  handle  provided  with  a  key  for  easily  opening  or 
closing  the  circuit.  The  platinum  loops,  owing  to  their 
high  resistance,  become  heated  by  the  passage  of  a  cur- 
rent. Many  of  these  handles  have  conductors  barely 
thick  enough  to  carry  the  currents  required  to  heat  the 
platmum  loop  to  redness,  and  although  much  ingenuity 
has  been  expended  in  designing  convenient  contacts  for 
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closing  and  opening  the  circuit  while  in  use,  these  are 
sometimes  so  badly  designed  as  to  add  much  to  the 
difficulties  of  the  operation.  The  figure  (fig.  94)  shows 
the  usual  form  of  handle,  known  as  Schech's. 


Fig.  94. — Schech's  handle. 

The  shorter  handles  are  more  convenient  than  the 
large  size,  which  is  more  expensive,  and  too  unwieldly 
for  delicate  manipulations. 

If  the  cautery  mounts  are  too  slender,  they  will  be- 
come heated.  They  are  insulated  by  a  thick  waxed 
thread  twisted  round  them  in  racking  turns,  which 
keeps  them  from  touching,  although  binding  them 
together,  and  forms  a  sufficient  means  of  insulation, 
except  when  they  become  overheated. 


Fig.  95. — Cautery  for  larger  incandescent  surface. 

Besides  the  simple  platinum  loops,  cutting  instru- 
ments of  various  shapes  are  made  by  hammering  the 
platinum  flat  or  by  bending  it  in  various  ways.  Where 
a  larger  incandescent  surface  is  required,  a  loop  or  spiral 
of  platinum  supported  in  grooves  on  a  porcelain  mount 
is  made,  the  porcelain  then  becomes  heated  to  redness 
as  well  as  the  platinum  (see  fig.  95].    Different  thick- 
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nesses  of  platinum  wire  are  used,  and  accordingly  the 
current  required  varies  greatly  in  different  cauteries 
(see  below). 

Sometimes  a  long  loop  of  wire  is  used  as  an  ecraseur, 
being  adapted  cold  to  the  part  to  be  removed,  and  then 
heated,  and  a  screw  can  be  mounted  on  the  handle  figured 
above  for  gradually  drawing  up  the  wire  loop  (fig.  96). 
It  is  as  well  here  to  mention 
that  the  temperature  of  a 
cautery  must  never  be  al- 
lowed  to  rise   above  dull 
redness.     At  a  white  heat 
the  cauterising  action  is  so 
rapid  that   searing  of  the 
surface  does  not  take  place, 
and  haemorrhage  may  follow 
as  profusely  as  after  division 
of  the  tissues  by  a  knife.  A 
large  number  of  modified 
forms  of  cautery  and  mount 
will  be  found  in  the  instru- 
ment   makers'  catalogues. 
The  resistance  of  the  cau- 
teries just   described  may 
vary  from  -025  to  -04  ohm. 

The  current  required 
varies  between  eight  or  ten 
amperes  for  the  smallest,  to 
upwards  of  twenty  for  the 
larger  ones. 

Still  larger  currents  are 
required  for  a  few  cauteries, 
which  have  been  constructed 
for  special  purposes. 


Fig.  96. — Ecraseur. 
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In  the  prostatic  cautery  of  Prof.  Bottinv'  the  part  to 
be  heated  consists  of  two  strips  of  stout  sheet  platinum, 
each  20  mm.  x  8  mm.,  which  lie  side  by  side  in  the 
concavity,  near  the  beak  of  an  instrument,  which  is 
shaped  like  a  vesical  sound.  The  current  passes  along 
one  strip  and  returns  by  the  other.  The  large  mass  of 
the  platinum  makes  the  resistance  of  the  part  to  be 
heated  remarkably  low,  about  -0005  ohm,  and  conse- 
quently an  immense  current,  amounting  to  fifty  amperes, 
is  required  to  raise  it  to  a  red  heat.  Such  a  current  as 
this  taxes  any  portable  battery  to  the  utmost.  This 
instrument  is  made  for  the  radical  cure  of  the  symptoms 
caused  by  enlarged  prostate,  and  its  use  has  been  ad- 
vocated in  this  country  by  Mr.  Bruce  Clarke, \  who  has 
employed  it  successfully  on  several  occasions. 

The  current  passes  through  the  instrrunent  to  reach 
the  platinum  strips,  the  metal  tube  itself  forming  one 
conductor,  with  a  small  insulated  return-wire  down  its 
centre,  the  rest  of  the  space  inside  the  tube  being  used 
as  a  channel  through  which  water  is  circulated  to  keep 
the  instrument  cool.  The  return  wire  is  barely  able  to 
carry  the  large  current,  and  offers  considerable  resist- 
ance, this  increases  the  difficulty  of  heating  the  platinum. 

279.  Cautery  batteries. — The  batteries  of  small 
cells  which  are  used  in  medical  treatment  are  arranged 
for  high  electromotive  forces  with  the  minimum  of 
weight,  and  their  internal  resistance  is  of  little  im- 
portance. For  cautery  purposes  the  conditions  are 
quite  different,  and  the  small  medical  cells  are  there- 
fore unsuitable.  Large  bichromate  cells  have  been 
much  used  for  cautery  purposes,  but  they  are  very 

*  "Brit.  Med.  Journal,"  i8gi,  vol.  i.,  p.  1121.  Description  and 
figure. 

f  Medico-Chirurgical  Society,  Jan.  1892. 
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inconvenient,  although  they  may  be  made  to  yield  a 
large  current  for  a  brief  period.  They  are  heavy  and 
bulky,  the  attachments  of  the  plates  are  numerous  and 
likely  to  get  out  of  order.  They  require  perpetual 
attention,  and  they  are  excited  by  a  very  corrosive 
liquid  which  is  liable  to  splash  over  and  damage  what- 
ever it  touches,  finally  from  their  tendency  to  rapid 
polarisation  they  are  apt  to  fail  suddenly  in  use. 

280.  Accumulators.— By  far  the  most  convenient 
form  of  battery  for  cautery  work  is  an  accumulator, 
they  do  not  polarise  and  therefore  they  give  a  steady 
current,  their  internal  resistance  is  very  small,  their 
capacity  (§  99)  is  large,  and  they  will  keep  in  good 
order  for  three  months  without  attention.  With  proper 
care  in  use  (§  113)  they  are  perfectly  trustworthy. 
They  are  heavy,  but  not  more  so  than  any  other  cau- 
tery battery.  The  Electrical  Power  Storage  Company  pre- 
pares small  two  cell  accumulators  for  medical  purposes, 
weighing  from  thirty  to  forty  pounds,  with  three  or  five 
plates  per  cell.  The  smaller  size  will  heat  cauteries 
requiring  eight  to  ten  amperes  fairly  well,  though  it  is 
rather  a  strain  upon  them,  the  larger  size  with  five 
plates  is  therefore  more  economical  in  use.  Still  for 
the  brief  periods  during  which  the  cautery  is  required 
the  three  plate  cells  will  suffice,  but  if  much  heavy  work 
is  required  to  be  done  the  larger  sizes  are  the  best.  At 
present  there  is  a  tendency  to  return  to  the  original 
Plante  type  of  secondary  cell  (§  113),  as  it  has  the  advan- 
tage over  pasted  plates  that  it  is  not  damaged  by  a  high 
rate  of  discharge,  and  they  will  probably  be  superior  for 
surgical  uses.  As  at  present  made,  they  are  rather 
heavier  than  the  E.  P.  S.  cells. 

The  importance  of  batteries  with  a  low  internal  resist- 
ance will  be  seen  from  the  next  paragraph.    The  steady 
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current  which  can  be  obtained  from  any  given  electro- 
motive force  depends  primarily  upon  the  resistance  of 
the  circuit  (§  56,  Ohm's  law),  and  this  resistance  in  the 
case  of  a  cautery  is  divisible  into  three  parts  :  (a)  bat- 
tery resistance,  (b)  resistance  of  leads,  (c)  resistance  of 
the  instrument.  All  of  these  must  be  kept  down  as  low 
as  possible. 

281.  Leads  or  conductors. — By  referring  to  §  121 
a  table  of  the  sizes  of  wire  suitable  for  carrying  different 
currents  will  be  found.  It  will  be  seen  from  that  table 
that  many  of  the  leads  supplied  by  instrument  makers 
are  too  slender  to  carry  currents  of  ten  to  twenty  am- 
peres. If  the  leads  are  too  small  to  carry  the  current 
easily,  more  electromotive  force  must  be  provided,  and 
a  greater  weight  of  battery  has  consequently  to  be  car- 
ried, while  in  addition  the  conductors  are  likely  to 
become  dangerously  hot,  and  energy  is  uselessly  ex- 
pended. 

It  may  be  useful  to  give  an  example  here  of  the  cal- 
culations to  be  made  in  arranging  the  apparatus  for 
heating  a  cautery.  Let  us  suppose  that  a  cautery 
having  a  resistance  of  "04  ohm  and  requiring  a  current 
of  20  amperes  is  to  be  heated.  The  battery  power 
available  consists  of  two  accumulator  cells  in  series, 
each  with  an  electromotive  force  of  two  volts,  the  in- 
ternal resistance  of  each  cell  being  -oi  ohm. 

To  obtain  a  current  of  twenty  amperes  from  four  volts 
the  total  resistance  in  circuit  may  amount  to  -2  ohm. 
If  proper  leads  are  used  (see  table,  §  121),  their  resist- 
ance will  be  '0014  ohm  per  metre.  We  will  suppose 
each  wire  to  be  "5  metres  in  length,  their  total  resist- 
ance will  then  be  -0042  ohm.  The  necessary  resistances 
in  circuit  in  this  case  (resistance  of  battery,  of  leads, 
and  of  cautery)  therefore  amount  to  -02  +  -0042  -f  -04  = 
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•0642,  or  say  -065  ohm.  This  leaves  a  margin  for  faulty- 
contacts  and  for  rheostat  of  -135  ohm,  and  the  cautery 
would  be  adequately  and  easily  heated.  For  the  kind 
of  rheostat  used  with  cautery  see  §  127. 

But  now  suppose  the  leads  are  of  a  size  having  a 
resistance  of  -04  ohm  per  metre.  This  will  give  a  total 
resistance  in  circuit  of  -02  +  '12  +  -04  =  -iS  ohm,  leav- 
ing a  bare  margin  of  -02  ohm  for  faulty  contacts.  This 
would  certainly  be  insufficient,  as  there  are  several 
points  of  contact  and  a  small  degree  of  oxidation  or 
tarnishing  at  any  one  of  them  would  be  sufficient  to 
prevent  the  cautery  from  heating,  add  to  which  there 
would  in  all  probability  be  a  considerable  amount  of 
heating  in  the  leads,  which  would  certainly  increase 
their  resistance,  and  might  destroy  their  insulation. 


Fig.  97. — Laryngoscope,  with  electric  lamp. 

These  examples  show  the  importance  of  using  stout 
conducting  wires  with  plenty  of  copper  in  them,  and 
of  keeping  all  contacts  and  binding  screws  scrupulously 
clean  and  bright.  A  rheostat  must  always  be  included 
in  the  circuit  when  a  cautery  is  to  be  heated,  if  this  pre- 
caution is  neglected,  there  will  be  much  trouble  from 
over-heating  and  fusing  of  the  platinum  loops. 

282.  Surgical  lamps. —  The  small  incandescent 
lamps  used  for  surgical  purposes  have  already  been 
considered  in  §  122.  These  httle  lamps  have  been 
adapted  to  laryngoscopes,  ophthalmoscopes,  endoscopes 
and  other  instruments  (figs.  97,  98).  They  are  not  used 
very  universally,  because  in  many  cases  the  maintenance 
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of  the  battery  is  troublesome,  and  because  other  sources 
of  illumination  are  sufficient. 

These  small  lamps  vary  a  good  deal  in  their  resist- 
ance (10-15  ohms),  and  therefore  the  electromotive 
force  required  to  light  them  properly  varies  also.  If 

the  filament  is  slender,  or  if  it  is 
'J\  long,  their  resistance  is  high,  if  it 

*'  is  short  or  thick,  their  resistance 

is  less  high.    A  long  slender  fila- 
ment may  require  eight  or  ten 
volts  to  light  it  properly,  while 
a  shorter  one  will  glow  with  six 
volts.     The  tendency  at  present 
is  to  increase  the  length  and  re- 
sistance of  the  filament,  for  the 
sake  of  the  better  hght  to  be 
obtained  in  this  way,   and  al- 
though a  larger  number  of  cells 
must  be  provided  to  overcome 
the  higher  resistance,  the  current 
consumed  is  less,  and  the  cells 
last  for  a  longer  time.     The  rate 
of  consumption  of  energy  by  a 
ten  volt  lamp  which  glows  pro- 
perly  with  -4  of  an   ampere  is 
four  Watts  (§  122),  while  that 
consumed  by  a   six   volt  lamp 
using  7  of   an    ampere   is  4*2 
Watts.    In  these  two  cases  the 
energy  expended  is  almost  the 
same,  but  the  longer  filament  of 
Fig.  gs.-ophthaimoscope,  the  ten  volt  lamp  givcs  the  most 

with  electric  lamp.         ^.^^^^  ^^^^  ^^^^^  ^^^^  ^^^^^^^ 

283.  Batteries  for  incandescent  lamps. — There 
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are  four  forms  of  battery  in  use  for  lighting  small 
lamps: — i.  Bichromate  cells.  2.  Dry  batteries.  3. 
Chloride  of  silver  cells.  4.  Accumulators.  Of  these 
the  bichromate  cells  are  the  least  convenient  for  reasons 
already  given  (§§  103,  279).  Until  lately,  however, 
they  have  been  used  largely,  but  the  other  kinds  of 
battery  are  much  to  be  preferred.  Hellesen's  dry  cell  is 
very  convenient  and  it  is  cheap.  Six  or  eight  dry  cells 
of  this  make  are  fitted  up  in  a  plain  oak  box  by  Mr. 
Schall  with  a  simple  form  of  rheostat,  and  they  may  be 
trusted  for  a  large  number  of  examinations.  It  is  wise 
in  choosing  a  battery  of  this  kind  to  have  the  cells  as 
large  as  possible,  that  renewals  may  not  be  too  fre- 
quently required.  The  chloride  of  silver  cells  are  very 
light  and  convenient  for  small  lamps,  and  would  be  the 
best  were  it  not  for  their  tendency  to  spoil  after  a  time- 
from  local  action.  Sooner  or  later  some  of  the  silver 
chloride  becomes  dissolved  in  the  exciting  liquid,  and  is 
deposited  as  metallic  silver  on  the  surface  of  the  zinc. 
Local  action  then  takes  place,  and  bubbles  of  hydrogen 
gas  are  evolved,  the  electromotive  force  of  the  battery 
becom.es  weakened,  and  the  cells  are  often  burst  from 
the  pressure  of  the  gas. 

If  accumulators  are  used,  small  ones  may  be  had  for 
the  sake  of  portability.  Small  accumulators  are  put  up 
by  several  electrical  firms  for  lighting  the  fairy  lamps 
worn  upon  the  stage,  and  these  will  serve  very  well  for 
surgical  lamps.  The  small  sizes  naturally  require  re- 
charging more  often  than  the  large  ones,  but  this  is  not 
an  objection,  because  all  accumulators  are  better  for 
being  recharged  once  every  two  or  three  months,  and 
the  capacity  of  the  small  cells  is  sufficient  for  lighting  a 
cystoscope  or  similar  lamp  for  about  twenty  hours. 
This  will  allow  of  the  use  of  the  lamp  for  an  hour  and  a 
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half  per  week  for  three  months,  which  is  quite  as  much 
as  is  Hkely  to  be  required.  If  wished  the  small  accumu- 
lators can  be  recharged  at  home  from  a  few  cells  of  any 
good  primary  battery. 

284.  Rheostats.  —  We  have 
already  said  that  the  lamps  vary 
in  their  resistance  very  widely, 
and  a  variable  resistance  in  the 
circuit  is  the  most  convenient 
method  of  compensating  for  these 
variations,  without  it  some  lamps 
would  be  over-heated  and  would 
quickly  be  destroyed.  Mr.  Schall 
arranges  a  rheostat  of  convenient 
size  in  the  handle  of  his  battery 
box.  The  resistance  required  for 
regulating  the  lamps  need  not  be 
more  than  about  six  or  eight 
ohms.  As  the  current  to  be 
carried  is  only  about  half  an 
ampere  in  a  well  made  lamp  the 
resistance  is  easily  made  of  a  few 
turns  of  fine  german  silver  wire. 
Rheostats  are  equally  important 
for  cauteries,  but  there  they  have 
to  carry  large  curents  and  must 
be  made  of  thick  wire ;  however, 
their  total  resistance  need  not  be 
so  great,  for  a  variable  resistance 
of  half  an  ohm  is  sufficient  to 
modify  very  greatly  the  current 
in  a  cautery  circuit  (§  281). 

285.  The  cystoscope. — This 
Fig.  99.— Cystoscope.     ig  an  instrument  for  examining 
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the  mucous  membrane  of  the  bladder,  and  it  is 
perhaps  the  most  important  and  useful  of  all  the 
electric  lamp  instruments,  because  it  affords  informa- 
tion which  cannot  be  obtained  without  it.  The  cysto- 
scope  (figs.  99,  100)  consists  of  a  beaked  sound,  in  which 


Fig.  100.— Arrangement  of  lamp  in  cystoscope. 
L.  Lamp.   CC.  Attachment  to  instrument.   CF.  Window  in  cap  of  instrument. 

there  is  a  telescopic  arrangement  by  which  the  surface  of 
the  bladder  is  viewed  through  a  small  window  of  rock 
crystal.     The  lamp  L  is  enclosed  in  the  beak  of  the  in- 
strument and  throws  its  light  through  another  window, 
also  of  crystal,  CF  upon  that  part  of  the  bladder  wall 
which  is  in  the  field  of  view  of  the  telescope.    5  is  a 
screw  for  making  contact,  the  wires  are  fastened  at  CD, 
fig.  99-    For  examining  the  upper  part  of  the  bladder  a 
separate  instrument  with  a  small  reflecting  prism  is  used. 
A  certain  amount  of  practice  is  required  to  use  the  cys- 
toscope properly,  and  to  recognise  the  appearances  of 
the  mucous  membrane  of  the  bladder  in  health  and  in 
its  various  morbid  conditions.    With  the  dummy  blad- 
der (fig.  loi)  the  necessary  skill  can  be  quickly  picked 
up.    For  a  full  account  of  the  instrument  and  mode  of 
using  it,  see  Mr.  Hurry  Fenwick's  book  on  "  the  Electric 
Illumination  of  the  Bladder  and  Urethra."**    An  ane- 
sthetic is  not  absolutely  necessary  for  a  cystoscopic 
exammation,  but  it  is  more  convenient  to  employ  one, 
though  cocaine  may  be  made  to  do  at  a  pinch.  The 
*  London,  J.  and  A.  Churchill,  1888. 
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bladder  must  contain  six  or  eight  ounces  of  clear  urine 
or  clear  water  if  a  proper  view  of  its  walls  is  to  be 
obtained. 

If  the  fluid  present  be  even  slightly  turbid,  the  view 
is  very  much  obscured ;  and  if  necessary  the  bladder 
must  be  washed  out  with  warm  boracic  lotion  until 
quite  clear.     If  too  little  fluid  be  present  in  the  bladder, 


Fig.  ioi. — Cystoscope  and  dummy. 

the  beak  of  the  instrument  with  the  lamp  is  likely  to 
become  buried  in  the  folds  of  the  mucous  membrane, 
and  there  will  be  no  Hght.  Moreover,  in  that  case  the 
mucous  membrane  may  be  burned. 

When  the  bladder  contains  eight  ounces  of  clear  fluid 
the  end  of  the  cystoscope  Hes  free  in  the  ca^dty,  and  the 
lamp  is  kept  cool  by  the  circulation  of  the  water.  The 
instrument  must  be  pushed  well  home  into  the  bladder 
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and  kept  there ;  if  it  be  allowed  to  work  out  at  all,  the 
beak  may  become  engaged  in  the  prostate,  and  then 
nothing  will  be  seen  and  the  prostate  may  be  burned. 
The  heat  of  the  lamp  is  unimportant  when  it  is  sur- 
rounded by  a  volume  of  water,  but  when  the  lamp  lies 
close  against  the  mucous  membrane  there  is  no  circula- 
tion of  fluid  round  it,  and  it  gradually  grows  hot  and 
may  burn  if  held  too  long  in  one  place. 

286.  The  panelectroscope. —  Another  universal 
lighting  apparatus  has  been  introduced  by  Leiter,  of 
Vienna,  under  this  name.  It  consists  of  a  lantern  with 
a  handle  and  mirror,  the  light  from  a  small  incandescent 
lamp  is  projected  by  the  mirror  along  a  tube,  which  is 
inserted  into  the  part  to  be  examined.  Tubes  of  various 
sizes  are  adapted  to  the  instrument.  It  is  especially 
useful  for  endoscopy  of  the  urethra,  but  is  also  arranged 
for  examining  the  ear,  the  pharynx,  the  stomach,  &c. 
For  a  figure  and  description  of  the  instrument,  see 
Mr.  Hurry  Fenwick's  account  in  the  "  British  Medical 
Journal,"  1881,  part  i.,  p.  462,  and  for  a  full  account  of 
the  method  of  using  it  for  examining  the  urethra,  and  of 
the  appearances  of  the  different  morbid  states,  see  his 
book  already  quoted  in  the  last  paragraph. 


Fig.  102.— Lamp  for  abdominal  surgery. 

Another  convenient  lamp  for  abdominal  surgery  is 
shown  in  figure  102.  It  is  designed  in  such  a  way  as 
to  be  kept  clean  and  aseptic  without  any  difficulty.  It 
may  be  left  in  the  antiseptic  solution  until  required  for 
use.    The  attachment  to  the  leads  is  by  a  double  socket 
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fitting,  one  wire  making  contact  with  the  periphery  of 
the  tube  which  carries  the  lamp,  and  the  other  with  an 
insulated  lead  passing  down  the  centre.  The  enclosing 
tube  of  glass  prevents  any  burning  of  the  tissues  with 
which  it  might  come  in  contact  during  an  operation. 

287.  Use  of  electric  light  mains.— When  electric 
light  mains  are  at  hand,  the  current  from  them  can  be 


Fig.  103.— Mr.  Woakes'  transformer. 

easily  arranged  to  heat  a  cautery  or  light  a  small  lamp. 
The  current  must  not  be  led  directly  into  the  instru- 
ments because  its  electromotive  force  is  so  high  that  it 
would  at  once  destroy  small  apparatus  by  overheatmg 
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them.    For  the  "  continuous  "  current  systems  of  Hght- 
ing  a  suitable  resistance  must  be  interpolated,  and  for 
the  "  alternate "  current  a  transformer  must  be  em- 
ployed.   In  the  "Lancet"  for  August,  1891,  a  neat  little 
transformer  for  surgical  purposes  was  described  by  Mr. 
Woakes  (fig.  103).     Like  a  medical  induction  apparatus 
it  consists  of  a  fixed  or  primary  coil  in  which  the  current 
from  the  main  circulates,  and  of  a  sliding  secondary  coil, 
built  up  in  three  separate  circuits.     One  of  these  gives 
a  current  suitable  for  a  small  surgical  lamp,  another  is 
for  heating  cauteries,  and  the  third  is  for  producing  an 
interrupted  current  suitable  for  faradization.    The  cur- 
rents in  all  three  parts  are  adjusted  by  sliding  the 
secondary  over  the  primary  coil,  and  the  winding  of 
each  circuit  (number  of  turns  and  thickness  of  wire)  is 
calculated  for  the  electromotive  force  and  current  re- 
quired for  each  purpose.    A  lamp  in  the  primary  circuit 
serves  the  double  purpose  of  indicating  when  the  cur- 
rent is  turned  on  and  off,  arid  acts  as  a  resistance 
apparatus  to  keep  down  the  current  in  the  primary  cir- 
cuit.   The  instrument  is  made  by  Mr.  Scliall.    For  use 
on  the  continuous  current  systems  a  good  apparatus  is 
made  hy  Messrs.  Miller  and  Woods  of  34  Gray's  Inn  Road. 

Recently  a  very  complete  little  arc  lamp  has  been 
mtroduced  by  Messrs.  Woodhouse  and  Rawson  under  the 
name  of  the  Midget  lamp,  which  may  prove  a  very 
useful  source  of  light  for  surgeons,  especially  for  the 
examination  of  the  throat  and  nose,  or  for  givin-  a 
general  light  during  operations.  It  requires  a  current 
of  five  amperes  at  an  E.M.F.  of  fifty  volts,  and  there- 
fore can  only  be  used  from  the  electric  light  mains  At 
present  it  is  a  novelty  and  has  not  been  applied  to 
surgical  purposes,  the  light  is  said  to  be  of  2.0  candle 
power.  ^ 
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288.  The  electro-magnet.— In  certain  cases  this 
instrument  is  very  valuable  for  the  removal  of  fragments 
of  iron  or  steel  from  the  various  parts  of  the  body,  es- 
pecially from  the  eye.  Perma- 
nent magnets  can  also  be  used. 
Mr.  Simeon  Snell*  has  made  large 
use  of  the   electro-magnet,  and 
has  had  great   success  with  it. 
If  the  particle  of  iron  be  very 
small,  or  if  it  be  fixed  at  all 
firmly  in  the  tissues  a  magnet  is 
not  likely  to  remove  it.     But  if 
the  piece  of  metal  be  larger,  and 
if  it  be  lying  loose,  as,  for  ex- 
ample, in  the  interior  of  the  eye, 
it  may  be  withdrawn  most  suc- 
cessfully by  a  magnet  introduced 
through  a  small  incision. 

One  form  of  the  instrument  is 
figured  here  (fig.  104),  several  in- 
terchangeable pole  pieces  of  dif- 
erent  shapes  and  sizes  are  gene- 
rally supplied,  the  most  suitable 
one  for  each  case  can  be  screwed 
on  at  A  as  required.    A  few  cells 
of  any  battery  will  suffice  to  ex- 
cite the  electro-magnet.     It  is 
sometimes  useful  to  magnetise  it 
by   closing   the    current  circuit 
after  it  has  been  placed  in  posi- 
tion near  to  the  piece  of  hron. 
This  is  done  in  the  instrument 
Fig.  io4.-Eiectro-raagnet.  j^^^.^  figiured   by  pressing  dowu 

.  "The  Electro-magnet  in  Ophthalmic  Surgery,"  and  "  Brit.  Med. 
Journal,"  November,  1883. 
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the  small  projecting  slip  of  metal  seen  on  the  surface 
of  the  coils.  The  sudden  magnetization  then  tends  to 
jerk  the  piece  of  metal  away  from  its  bed.  The  vitreous 
humour  will  yield  and  allow  the  piece  of  iron  to  come 
forward  to  the  magnet.  In  firmer  tissues  it  is  not 
always  possible  to  extract  it  by  an  electro-magnet,  for 
naturally  it  cannot  hold  the  particle  as  firmly  as  it 
would  be  held  by  any  kind  of  forceps.  A  large  number 
of  communications  on  the  electro-magnet  in  surgery 
will  be  found  in  the  medical  journals. 

Another  use  of  magnetism  in  surgery  is  for  the  detec- 
tion of  buried  pieces  of  iron  or  steel.  For  this  purpose  a 
freely  suspended  magnetic  compass  needle  is  used. 
When  this  is  approached  to  a  piece  of  iron  or  steel  a 
deflection  of  the  needle  is  produced. 

There  are  many  risks  of  fallacy  in  using  a  magnetic 
needle  for  the  detection  of  pieces  of  iron.  An  iron 
bedstead,  a  steel  truss  worn  by  the  patient  or  the 
operator,  a  pocket  knife  or  other  article  of  steel  may 
act  as  a  disturbing  element,  and  if  unsuspected  may 
puzzle  the  operator  hopelessly. 
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DESCRIPTION  OF  PLATES. 
Plates  I. — VI. 
The  Motor  Points. 

PLATE. 

I.   The  Head  and  Neck. 
II.   The  Upper  Limb  (back). 

III.  The  Upper  Limb  (fvont). 

IV.  The  Thigh  (fvont). 

V.   The  Thigh  and  Leg  (hack). 
VI.   The  Leg  and  Foot  (outer  side). 


Plates  VII.— XI. 
The  Cutaneous  Nerves. 

VII.  The  Head  and  Neck. 

VIII.  The  Upper  Limb  (hack). 

IX.  The  Upper  Limb  (front). 

X.  The  Lower  Limb  (fvont). 

XI.  The  Lower  Limb  (hack). 
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PLATE  II. 


PLATE  III 


IL  triceps  (long  tcoa) 

M.  triceps  (inner  head) 
Ulnar  n.  ■{ 


M.  flexor  carpi  nlnaris 


M.  flex,  digitor.  commun 
proJuud. 


M.  flex,  digitor.  snblim, 
(digiti  n.  et  lU.) 

M.  flex,  digit,  subl.  (digit, 
indicis  et  mininii) 

Ulnar n. 


11.  palmaris  brev. 
II.  abductor  digiti  min. 

M.  flexor  digit,  min. 
H.  opponens  digit,  min, 


Mm.  Inmbriooles  | 


M.  deltoid, 
(anterior  boll) 


-M.biocpabrBCliiI 


M.  flex,  polllois  longus 
Meiian  n. 

IL  a'jductor  poUio.  brer. 
M.  opponens  pollicis 

M.  flox.  poll.  brev. 

M.  adductor  pollic,  broT. 


PLATE  IV 


Crural  n, 

(fp' 

M,  pectincus 


M.  ailduotor  magnns 
M.  addact.  longns 

M.  oruralia 

U.  vastus  iutci'nua 


tensor  fascia;  Into 


2L  Eortorlns 


IT.  qundrlcepg  f  emoris 
(commou  point) 

M.  rectus  lemons 


vastus  cxtcrnus 


PLATE  VI 


PLATE  VII. 


Great  occipital  ■ 


Small  occipital 
(cervical  plexus) 


"5th.  supra-orbital,  branch 
-5th.  auriculo  temporal  branch 


-|[~y-5th.  infra-orbital  branch 


Great  auricular_ 
(cervical  plexus)" 


 5th,  inferior  dental  branch 


,  Superficial  cervical 
(cervical  plexus) 


PLATE  VIII 


■Supra-scapular 


Intercostal  humeral 


Lesser  inter,  cutaneouc 


""Circumflex 


.Musculo-spiral  int.  cut. 
blanch 


Internal  cutaneouG- 


"  Musculo-cutaneous 


Ulnar- 


-MuscuIo-spiral  external 
cutaneous  branch 


r\- — Radial 


PLATE  IS. 


Supra-clavicular  nerves  • 


Circumflex  ' 


Musculo-spiral  external 
cutaneous  branch 


■  Intercostal  humeral 


 Lesser  int.  cutaneous 


Internal  cutaneous 


Musculo-cutaneous 


PLAI'E  X. 


Genito-crural 


External  cutaneous 


Anterior  crural  middle 
cutaneous  branch 


External  popliteal  - 


External  saphenous 


Ilio-inguinal 


Anterior  crural 
(int.  cutaneous  branch) 


Anterior  crural 
(long  saphenous  branch) 


Musculo-cutaneous 
Anterior  tibial 


PLATE  SI. 
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A. 

Abdomen,  galvanization   of,  273, 
350 

A.C.C.  (Anodal  Closing  Contrac- 
tion), 2og 
Accumulators,  134 

 capacity  of,  137 

 for  cautery,  407 

 management  of,  137 

 rate  of  discharge,  137 

 '  small,  for  surgical  lamps, 

411 

Action  of  points,  34 
Alternatives,  voltaic,  266 
Amalgam,  electrical,  17 
Amalgamation  of  zinc,  146 
Amenorrhoea,  356 
Ammeter,  53 
Ampere,  57 

 hour,  57 

 turns,  80 

Anaesthesia,  estimation  of,  251 

 hysterical,  344 

 in  hemiplegia,  344 

 Mr.  Bowlby  on,  252 

 of  trigeminus,  344 

Anelectrotonus,  204 
Aneurysm,  electrolysis  for,  382 
Anode,  59 

 effects  of,  264 

Anosmia,  345 
Aphasia,  299 


Aphonia,  hysterical,  304 
Apostoli,  on  fibro-myoma,  392 
Apparatus,  statical,  86 
Arrangement  of  cells,  71 
Arthritis,  acute,  347 

 chronic,  286,  348 

Artificial  respiration,  electricity  in, 

213 
Ascites,  350 

Astatic  galvanometer,  50 
Ataxy,  locomotor,  316 
Atmospheric  electricity,  8 
Atrophy,  muscular,  346 

 progressive,  320 

Attraction  and  repulsion,  24 
Auditory  nerve,  345 

 experiments  on,  255 

 galvanisation  of,  309 

 hyperesthesia,  253-257 

 reactions  of,  216,  253 

B. 

Bath,  electric,  (see  Electric  bath), 
277 

Batteries,  112 

 arrangement  of,  70 

 care  of,  145 

 choice  of,  140 

 electromotive  force  of,  139 

 internal  resistance  of,  138 

 medical,  140 
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Batteries,  table  of,  139 
Battery,  Stohrer's,  132 

 bichromate,  118 

 Bunsen,  121 

 chloride  of  silver,  126 

 Daniell,  120 

  dry,  129 

 Gassner,  129 

 gravity,  121 

 Grove,  121 

 Hellesen,  129 

 Latimer  Clark,  131 

 Leclanche,  122 

 lithanode,  114 

 oxide  of  copper,  128 

 plates  of,  42 

 poles  of,  41 

 Schanschieff,  131 

 secondary,  134 

 Smee's  117 

 sulphate  of  mercury,  131 

 testing  of,  173 

Belts,  electric,  275 

chromate  solution,  118 

inding  screws,  162 
Bird,  Dr.  Golding,  on  amenor- 

rhoea,  356 

 on  chorea,  301 

Bladder,  affections  of,  352 

 paralysis  and  vi^eakness  of, 

246 

Bowlby,  Mr.,  on  injuries  of  nerves, 
327 

 estimation  of  anaesthesia, 

252 

Brachial  plexus,  plan  of,  233-4 
Brain,  diseases  of,  297 

 galvanization  of,  274 

 reactions  of,  217 

Bridge,  Wheatstone's  65 


Brush  discharge,  log 

 electrode,  no 

Buzzard,  Dr.,  on  galvanising  the 

ocular  muscles,  333 

 on  neuritis,  333 

 on  hysteria  simulating 

nervous  diseases,  305 

C. 

Cagney,  Dr.,  cataphoric  medica- 
tion, 291 

Cancer,  Dr.  Inglis  Parsons  on,  359 

 electrolysis  in,  402 

 treatment  by  powerful  shocks, 

359 

Capacity  of  cells,  114 

 electric,  34 

 specific  inductive,  36 

 unit  of,  57 

Cardew,  Dr.,  on  exophthalmos,  312 
Carre's  machine,  95 
Catalysis,  260 
Cataphoresis,  221 
Cataphoric  medication,  291 
Cathode  (see  Kathode),  59 
Cautery,  battery  for,  406 

 instruments,  403 

 leads  for,  408 

 rheostat  for,  412 

Cells  (see  Battery),  112 

 in  series,  42 

Central  galvanization,  279 

  nervous  system,  treatment  of, 

297.  313 
Cerebral  disease,  297 
C.  G.  S.  units,  24,  56 
Charge,  distribution  of,  33 
Chloride  of  silver  cell,  126 
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Choice  of  current,  261 
Choice  of  pole,  264 
Chorea,  301 
Chronic  myelitis,  316 
Circuit,  galvanic,  41 
Circuits,  primary  and  secondary, 
78 

Circumflex  nerve,  injury  of,  329 

Clubfoot,  318 

Coils,  faradic,  81 

 induction,  81 

 medical,  82,  151 

 plan  of,  152 

 primary,  153 

 regulation  of,  153 

 Ruhmkorff,  8r 

  secondary,  153 

 sledge  form,  153 

Collectors,  170 

 double,  172 

 single,  171 

Commutator,  174 

Comparison  of  contractions,  225 

 induction  coil  cur- 
rents, 155 

Compass  needle,  43 

 detection  of  steel 

by,  419 

Condensers,  35 

Conducting  wires,  158 

Conduction,  19 

 electrolytic,  193 

 in  the  body,  195 

Conductors,  20 

 for    statical  treatment, 

lOI 

Connexions,  162 
Constant  battery,  116 
Constipation,  350 
Contact  breaker,  81 


Contact  breaker.  Be  W attevilW s 
154 

 electromotive  force,  40 

Contraction,  anodal,  204 

 effects  of  pole,  209 

 katliodal,  204 

 laws  of,  in  man,  208 

 minimal  currents  for,  344 

 — — -  PJiilger's  law,  205 

 tetanus,  211 

Contractures,  339 
Coulomb,  57 
Crutch  paralysis,  222 
Current  of  action,  201 

 rest,  201 

 catalytic  effects  of,  260 

 collectors,  170 

 density  of,  193 

 diffusion  of,  193 

 direction  of,  265 

 electrotonic,  202 

 heating  effects  of,  73,  221 

 lines  of,  round  electrode,  210 

 measurement  of  (see  Galvano- 
meter), 49 

 regulation  of,  17 

 unit  of,  48,  57 

 vasomotor  effects  of,  299 

Currents,  induced,  75 

 primary,  155 

 secondary,  155 

 thermal  effects  of,  73,  221 

Cystoscope,  412 

D. 

DanielVs  cell,  120 
Deformities,  318 
I   Degeneration,  reaction  of,  240 


438 


INDEX. 


De  Haen,  2 
Deltoid  paralysis,  331 
Density  of  current,  69 
—. —  electric,  33 
Depolarisers,  116 

 solid,  117 

Derived  currents,  65 
Diagnosis,  223 

 comparison  of  sides,  226 

 galvanometer  in,  225 

 in  bi-lateral  disease,  235 

Dial  collectors,  170 
Diaphragm,  stimulation  of,  213 
Di-electric,  constant,  25,  36 

 strains  in,  37 

Diffusion  of  current,  193 
Diphtheritic  paralysis,  323 
Direction  of  current,  265 
Discharger,  102 
Dislocations,  348 
Disorders  of  hearing,  308 

 sexual,  354 

 uterine,  355 

Displacement,  electric,  38 
Distribution  of  charge,  33 
Divided  circuits,  65 
Dry  bath,  103 
 cells,  i2g 

   advantages  of,  129 

 Gassner's,  129 

 Hellesen's,  129 

Duchenne,  5 

 on  infantile    paralysis,  315, 

317 

 on  interrupted  currents,  156 

 on  lead  palsy,  325 

 on  progressive  muscular  atro- 
phy, 321 

 on  sciatica,  338 

Dynamo-machine,  84 


Dyne,  44 

Dysmenorrhcea,  400 


E. 

Early  writers,  2,  86 

Ears,  subjective  noises  in,  308 

Effect  of  pole,  264 

Effects,  alterative,  260 

 catalytic,  260 

 electrolytic,  260 

 electrotonic,  259 

 sedative,  264 

 soothing,  260 

 stimulating,  259 

 trophic,  260 

Electric  bath,  277 

 back  rest,  279 

 battery  for,  282 

 current  used  for,  281 

 electrodes  for,  279 

 faradic,  284 

   galvanic,  283 

 galvano-faradic,  284 

 hot  air  or  vapour,  285 

 resistance  of,  281 

 temperature  of,  279 

 uses  of,  295 

 belts,  275 

 breeze,  109 

 charge,  103 

 eel,  221 

 field,  38 

 fluid,  16 

 hand,  268 

 light  currents,  148,  416 

 souffle,  109 
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Electrical  currants  in   nerve  and 

muscle,  200 
Electrical  departments,  4 

 frictions,  308 

 machines,  Carre,  95 

 Holtz,  89 

 influence,  89 

 LewandowskVs,  97 

 Ramsden's,  88 

 Voss,  gi 

 Wimshurst,  92 

 organs  (see  Electric  eel),  221 

 state  of  living  bodies,  9 

 treatment,  258 

 precautions  in,  262 

Electricity  and  vital  processes,  7 

 as  a  test  of  death,  361 

 atmospheric,  8 

 first  used  in  hospitals,  3 

 fundamental  experiments,  13 

 galvanic,  40 

 origin  of  word,  i 

 physiological  effects  of,  199 

 position  of,  in  medicine,  6 

 positive  and  negative,  14 

 static,  12,  86 

 vitreous  and  resinous,  14 

Electrics  and  non-electrics,  16 
Electrode,  59,  163 

 active,  168,  224 

 adhesive,  170 

 application  of,  170 

 auial,  256 

 carbon,  164 

 clay,  398 

 cutaneous,  251 

 for  bath,  279 

  hand, 268 

 handles  for,  164 

 indifferent,  168,  224 


Electrode,  situation  of,  266 

 perineal,  352 

 positions  of,  315 

 sheath,  169 

 standard  sizes,  165,  167 

 uterine,  396 

Electro-diagnosis  charts,  237 
Electrolysis,  58,  362 

 action  between  poles,  364 

 in  living  tissues,  365 

 in  surgical  practice,  362 

 laws  of,  60 

 secondary  reactions,  363 

Electrolyte,  58 
Electrolytic  conduction,  193 
Electro-magnetic  field,  47 
Electro-magnets,  418 
Electro-meters,  30-32 
Electromotive  force,  26 

 induced,  78 

 of  batteries,  112 

 unit  of,  54 

Electrophorus,  20 
Electro-negative,  113 
Electro-positive,  113 
Electroscopes,  17 
Electrostatics,  12 
Electrotonus,  203 
Enuresis,  352 
Epilation,  369 
Epilepsy,  300 
Equipotential  surfaces,  27 
Equivalents,  electro-chemical,  61 

 of  silver,  61 

Erg,  73 

Examination  of  patients,  223 
Excitability,  alterations  in,  240 
Excitor,  102 

Exophthalmic  goitre,  311 
Experiments,  statical,  13,  39 
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Extra  current,  79 
Eyelashesj  ingrowing,  372 

P. 

Facial  neuralgia,  337 

 paralysis,  334 

 prognosis  in,  249 

 spasm,  340 

Farad,  57 
Faraday,  5 
Faradic  bath,  284 

 currents,  81 

 methods,  270 

Faradization,  general,  267 
Faradism,  indications  for,  261 
 uses  of,  271 

Ferrier,    Dr.,    on    spinal  nerve 

roots,  233 
Fibro-myoma,  392,  399 
Field  plates,  90 
Foetation,  extra-uterine,  400 
Foot,  movements  of,  318 
Frictions,  electrical,  308 

G. 

Galactagogue  effects,  351 
Galvanic  treatment  of  ulcers,  360 
Galvanization,  central,  274 
Galvanism,   preliminary  account 
of,  40 

 indications  for,  261 

Galvano-cautery,  160,  403 
Galvano-faradization,  272 
Galvanometer,  48,  180 

 astatic,  50 

 constant,  52 


Galvanometer,  Edelmann's,  184 

 Gaiffe's,  183 

 graduation  of,  180 

 horizontal,  183 

 in  diagnosis,  225 

 medical,  181 

 reflecting,  54 

 shunt  for,  182 

 sine,  50 

 tangent,  50,  180 

 theory  of,  50 

 vertical,  182 

Galvanoscope,  49 
General  faradisation,  267 

 methods  of,  268 

 uses  of,  269 

Gilbert,  Dr.,  of  Colchester,  2 

Goitre,  exophthalmic,  311 

Gonorrhceal  rheumatism,  289 

Gout,  289,  348 

Graphite  rheostat,  309 

Gull,  Sir  William,  on  chorea,  301 

Guy's  Hospital  Reports,  4 

H. 

Hairs,  removal  of,  369 

Hairy  moles,  372 

Hand  electrode,  268 

Headache,  307 

Heart,  stimulation  of,  212 

Heat,  mechanical  equivalent  of,  75 

Heating  effects,  73 

Hemiplegia,  298 

Herpetic  neuralgia,  339 

Herringham,    Dr.,    on  brachial 

plexus,  234 
History  of  medical  electricity,  2,  86 
Hollow  club-foot,  319 
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Holtz  machine,  89 

Horse  power,  74 

Human  body,  resistance  of,  195 

Hypochondriasis,  305 

Hypothesis  of  fluids,  14 

Hysteria,  303 


I. 

Incandescent  lamps,  160,  409 
Incontinence,  nocturnal,  352 
Induction,  18 

 co-efficient  of,  78 

 coil,  81 

 electro-magnetic,  75 

 laws  of,  76 

 mutual,  78 

Infantile  paralysis,  315-316 
Influence  machines,  89 
Injuries  of  nerves,  326 
Insomnia,  274,  308 
Instruments,  management  of,  84 
Insulators,  20,  103 
Internal  resistance,  138 
Interossei,  paralysis  of,  319 
Interpolar  region,  electrolysis  in, 
364 

Interrupter,  automatic,  81 
Inverse  squares,  law  of,  25 
Ions,  58 

 migration  of,  364 


J. 

Jallabert,  2 

Joint  affections,  347 

yoiile,  74,  75 


K. 

Kathelectrotonus,  204 
Kathodal  contraction,  209 
Kathode,  59 

 effects  of,  264 

 •  virtual,  210 

K.  C.  C.  (kathodal  closure  contrac- 
tion), 209 

L. 

Labile  method,  266 
Lalande  and  Chaperon^ s  cell,  128 
Lamp,  abdominal,  415 
Lamps,  batteries  for,  410 

 electric,  160,  409 

Laryngoscope,  409 
Lateral  sclerosis,  290 
Law  of  contractions,  209 
Lead  palsy,  323 
Leads,  158 

 for  cautery,  408 

 table  of,  160 

Leclanche  cell,  122 

 charging  of,  123 

 chemistry  of,  123 

 management  of,  125 

Legal  ohm,  57-62 
Lenz^s  law,  76 
LewandowskVs  machine,  97 
Leyden  jar,  36,  loi 

 nature  of  discharge,  107 

Lines  of  force,  38 

 magnetic,  45 

Lines  of  induction,  38 
Lithanode,  114 
Locomotor  ataxy,  316 
Lodge,  Dr.  Oliver,  12 
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Loss  of  taste  and  smell,  345 
Lower  segment,  247 
Lumbago,  294,  339 

M. 

Machines,  electrical  (see  Electrical 

Machines),  86 
Magnetic  field,  45-46 

■  moment,  45 

■  needle,  43 

 pole,  strength  of,  44 

Magnetism,  43 

 physiological  effects  of,  10 

Magneto-machine,  83 
Mammary  gland,  stimulation  of, 
245 

Measurement  of  currents  (see  Gal- 
vanometers), 48,  180 

Megohm,  57  .  . 

Mercurial  poisoning,  291 

Metallic  poisoning,  290 

 tremors,  303 

Microfarad,  58 

Micro-volt,  57 

Migraine,  307 

Milk,  secretion  of,  245 

Milliampere,  58 

Moles,  treatment  of,  372 

Motor  nerves,  points  for,  230 

 points,  5,  228 

 supra-clavicular  of  Erb, 

231 

Muscle,  conductivity  of,  201 

 excitation  of,  208,  344 

 heart,  212 

 striped,  reactions  ot,  210 

 unstriped,  211 

Muscular  atrophy,  320,  346 


Muscular  rheumatism,  349 
Myalgia,  349 
Myelitis,  316 
Myoma  uteri,  392 
Myopathic  atrophy,  346 

N. 

Nebvus,  current  used  in,  378 

 electrolysis  of,  374 

 needles  for,  378,  380 

Negative  pole,  42 

 variation,  202 

Nerve,  conductivity  of,  201 
 frontal,  236 

Nerves,   comparative  excitability 
of,  236 

 injuries  of,  326 

  sensory,  214 

Nervous  deafness,  345 

 system,  diseases  of,  297 

Neuralgia,  336 

 Dr.  Hilton  Fagge  on,  336 

 herpetic,  339 

 uterine,  353 

Neurasthenia,  305 
Neuritis,  332 

 alcoholic,  333 

Neutralising  rod,  91 
Nocturnal  incontinence,  352 
Normal  reactions,  344 

o. 

Obstetric  practice,  electricity  in, 

356 

Ocular  muscles,  paralysis  of,  333 
Oersted's  experiment,  43 


INDEX. 


443 


Ohm,  57 

Ohm's  law,  55,  64 

 applications  of,  408 

One  fluid  theory,  15 
Ophthalmoscope,  410 
Optic  nerve,  atrophy,  345 

 reactions  of,  216 

Osmosis,  electrolytic,  220,  291,  364 

P. 

Pain,  relief  of,  264 
Painful  points  in  hysteria,  304 
Panelectroscope,  415 
Parallel,  batteries  in,  70 
Paralysis  after  diphtheria,  323 

 agitans,  303 

 distribution  of,  232 

  infantile,  315,  316 

 treatment  of,  313 

Parsons,  Dr.  Inglis,  on  cancer,  359 
Partial  R  D,  246 
Parturition,  electricity  in,  356 
Pencil  method,  109 
Physical  analogies  of  electricity, 
28-31 

 conditions  and  health,  7 

Physiological  effects  of  continuous 

current,  199,  208 
 of  interrupted  currents, 

155,  206 
Physiology,  chapter  on,  192 
Plates  of  a  battery,  42 
Plexus,  brachial,  234 
Plumbism,  290 
Points,  action  of,  34 
Polarisation,  59,  115 
Poles,  choice  of,  264 
 North  and  South,  44 


Poles,  positive  and  negative,  41 
Pole  tester,  148 
Port  v/ine  mark,  381 
Positive  charge,  effects  of,  104 

 used  for  debility,  104 

Post-office  box,  68 
Potential,  definition  of,  30 

 electric,  26-30 

 slope  of,  66 

Pressure  paralysis,  329 
Primary  coil,  153 

 current,  155 

Prime  conductor,  8g 

Progressive  muscular  atrophy,  320 

Pseudo-hypertrophic  paralysis,  346 

Q. 

Quantity,  electric,  22 
 unit  of,  23 

R. 

Ramsdeii's  machine  88 
Raynaud's  disease,  293 
Reaction  of  degeneration,  240 

   conditions   leading  to, 

247 

 course  of,  243 

 diagnostic  value  of,  247- 

249 

 Mr.  Bowlby  on,  240 

   muscle  in,  243 

 nerve  in,  243 

 partial,  246 

 prognosis,  248 

Reactions,  anomalous,  250 

 auditory,  253 

 experiments  on,  254 
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Reactions,  in  infantile  paralysis, 
318 

 in  tetany,  343 

 morbid  changes  in,  238 

 of  special  senses,  253 

 qualitative  changes  in,  240 

 quantitative  changes  in,  239 

 sensory,  251 

Reflex  neuralgias,  336 

 stimulation,  259,  314 

Refreshing  action,  218 
Regulation  of  current,  176 
Removal  of  superfluous  hairs,  369 
Resistance,  55 

 box,  68 

 coils,  177 

 '  internal  and  external,  71 

 measurement  of,  64,  66 

 of  an  electrolyte,  63 

 of  batteries,  70 

 of  carbon,  63 

 of  metals,  62 

 of  mercury  62 

 of  the  body,  195 

 Dr.  Stone  on,  195 

•  variation  of,  199 

 specific,  62. 

 unit  of,  57 

Reverser,  174 
Rheophores,  164 
Rheostat,  177,  412 

 graphite,  180,  309 

 water,  178 

 wire,  178 

Rheumatism,  347 
Rheumatoid  arthritis,  286,  348 
Rigidity,  spastic,  290 
Roots  of  spinal  nerves,  233 
Ruhmkorff  coil,  81 


S. 

St.  Bartholomew's  Hospital  Re- 
ports, 3 

Sciatica,  294,  338 

Sclerosis,  lateral,  290 

Secondary  currents,  155 

Secretion  of  milk,  351 

Self  induction,  79 

 co-efificient  of,  80 

Self  treatment  by  patients,  275 

Sensations,  electrical,  214 

Sensory  nerves,  214,  251 

Series,  batteries  in,  70 

Sexual  disorders,  306,  355 

Shocks,  214 

 treatment  by,  108 

Short  circuit,  173 

Skin,  resistance  of,  196 

Sledge  coil,  153 

Sleep  paralysis,  329 

Slope  of  potential,  66 

Smee's  battery,  117 

Spark  regulator,  106 

Sparks,  treatment  by,  105 

Spasmodic  affections,  339 

Spastic  rigidity,  290 

Special  senses,  reactions  of,  216 

Specific  inductive  capacity,  25 

Sphere,  capacity  of  a,  34 

Spinal  cord,  diseases  of,  313 

 nerve  roots,  relation  to 

muscles,  232 

Sprains,  348 

Stabile  method,  266 

Standard  cell,  Clark's,  131 

Statical  apparatus,  86 

 treatment,  history  of,  86 

 in  chorea,  301 

 Sir  W.  Gull  on,  302 
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Static  induction,  no 

Steavenson,  Dr.  Robert,  4 

 Dr.  W.  E.,  on  enuresis  noc- 

turna,  352 

 on  moles,  373 

 sciatica,  338 

  stricture,  384 

  and   Mr.    Cumberbatch  on 

Eustachian  obstruction,  389 
 and  Mr.yessop  on  Lachrymal 

obstruction,  391 
Stdlircr's  battery,  133 
Strength  of  current,  262 
Stricture,  electrolysis  in,  383 

 of  Eustachian  tube,  389 

 of  lachrymal  canal,  391 

 of  oesophagus,  389 

Subaural  galvanisation,  274 
Sub-involution,  358 
Subjective  noises,  308 
Supra-clavicular  point  of  Erb,  231 
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THE  OUTLINES  OF  DIAGNOSIS  AND  THE  CHIEF  PATHO- 
LOGICAL DIFFERENCES  BETWEEN  CHILDREN  AND 
ADULTS.  By  ANGEL  MONEY,  M.D.,  F.R.C.P.,  Assistant  Physi- 
cian to  the  Hospital  for  Children,  Great  Ormond  Street,  and  to  University 
College  Hospital.    Second  Edition,  crown  Svo,  los.  6d. 

ON  FEVERS:  THEIR  HISTORY,  ETIOLOGY,  DIAGNOSIS, 

PROGNOSIS,  AND  TREATMENT.  By  ALEXANDER  COLLIE, 
M.D.  (Aberdeen),  Medical  Superintendent  of  the  Eastern  Hospitals. 
Coloured  plates,  cr.  Svo,  8s.  fid. 

HANDBOOK  OF  DISEASES  OF  THE  EAR  FOR  THE 

USE  OF  STUDENTS  AND  PRACTITIONERS.  By  URBAN 
PRITCHARD,  M.D.  (Edin.),  F.R.C.S.  (Eng.),  Professor  of  Aural 
Surgery  at  King's  College,  London ;  Aural  Surgeon  to  King's  College 
Hospital.    Second  Edition,  with  Illustrations,  crown  Svo.  5s.   [Now  ready. 

A  PRACTICAL  TREATISE  ON  DISEASES  OF  THE  KID- 

NEYS  AND  URINARY  DERANGEMENTS.  By  C.  H.  RALFE,  M.A., 
.M.D.  Cantab.,  F.R.C.P.  Lond.,  Assistant  Physician  to  the  London  Hos- 
pital.   With  Illustrations,  crown  Svo,  los.  fid. 

DENTAL  SURGERY  FOR  GENERAL  PRACTITIONERS 

AND  STUDENTS  OF  MEDICINE.  By  ASHLEY  W.  BARRETT. 
M.B.  Lond.,  M.R.C.S.,  L.D.S.,  Dental  Surgeon  to,  and  Lecturer  on 
Dental  Surgery  and  Pathology  in  the  Medical  School  of,  the  London 
Hospital.    Second  Edition,  with  Illustrations,  crown  Svo,  3s.  fid. 

BODILY  DEFORMITIES  AND  THEIR  TREATMENT: 

Handbook  of  Practical  Orthopa;dics.    By  H.  A.  REEVES,  F.R.C.P 
Senior  Assistant  Surgeon  and  Teacher  of  Practical  Surgery  at  the  "(-are 
Hospital.    With  numerous  Illustrations,  crown  Svo,  8s.  fid.     ^gfjon  of 

*.*  Further  Volumes  will  be  announced  in  due 
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JEFFERY  A.  MARSTON,  M.D.,  C.B.,  F.R.C.S.,  M.R.C.P.  LOND. 

Surgeon  General  Medical  Staff  (Retired). 

MOTES    ON    TYPHOID    FEVER:    Tropical  Life  and 
Its  Sequels.    Crown  8vo,  3s.  6d.  [Now  ready. 


EDWARD  MARTIN,  A.M.,  M.D. 


MINOR  SURGERY  AND  BANDAGING  WITH  AN 

APPENDIX  ON    VENEREAL    DISEASES.  Crown 
8vo,  82  Illustrations,  4s. 


WILLIAM  MARTINDALE,  F.C.S. 

AND 

W.  WYNN  WESTCOTT,  M.B.  LOND. 
THE    EXTRA    PHARMACOPCEIA   with  the  additions 
introduced  into  the  British  Pharmacopoeia  1885  and  1890  ; 
and  Medical  References,  and  a  Therapeutic  Index  of  Diseases 
and  Symptoms.    Sixth  Edition,  limp  roan,  med.  24mo,  7s.  6d. 

[Now  ready. 


ANGEL  MONEY,  M.D.,  F.R.C.P. 

Assistant  Physician  to  University  College  Hospital,  and  to  the  Hospital  for 
Sick  Children,  Great  Ormond  Street. 

THE  STUDENT'S  TEXTBOOK  OF  THE  PRACTICE 

^        OF  MEDICINE.    Fcap.  8vo,  6s.  6d. 


A.  STANFORD  MORTON,  M.B.,  F.R.C.S.  ENG. 

Assistant  Surgeon  to  the  Moorfields'  Ophthalmic  Hospital,  &c. 

p  EFRACTION  OF  THE  EYE  :  Its  Diagnosis,  and  the 
*  ^  Correction  of  its  Errors,  with  Chapter  on  Keratoscopy. 
Fourth  Edition.    Small  8vo,  3s.  6d. 


C.  W.  MANSELL  MOULLIN,  M.A.,  M.D.  OXON.,  F.R.C.S.  ENG. 

Assistant  Surgeon  and  Senior  Demonstrator  of  Anatomy  at  the  London 

Hospital. 

CPRAINS;  THEIR  CONSEQUENCES  AND  TREAT- 
^      MENT.    Crown  8vo,  5s. 


WILLIAM  MURRAY,  M.D.,  F.R.C.P.  LOND. 

Consulting  Physician  to  the  Childien's  Hospital,  Newcastle-on-Tyne,  &c. 

LLUSTRATIONS  OF  THE  INDUCTIVE  METHOD 
IN  MEDICINE.    Crown  Svo,  3s.  6d.  INow  ready. 
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WILLIAM  MURRELL,  M.D.,  F.R.C.P. 

Lecturer  on  Materia  Medica  and  Therapeutics  at  Westminster  Hospital. 

MASSOTHERAPEUTICS;    OR    MASSAGE    AS  A 
MODE  OF  TREATMENT.     Fifth  Edition,  crown  8vo, 
4s.  [Nozv  ready. 

II. 

\X/HAT  TO  DO  IN   CASES  OF  POISONING.  Sixth 
Edition,  royal  32010,  3s.  6d.  [jfust  published. 


G.  OLIVER,  M.D.,  F.R.C.P. 


I. 


ON  BEDSIDE  URINE  TESTING  :    a  Clinical  Guide  to 
the  Observation  of  Urine  in  the  course  of  Work.  Fourth 
Edition,  fcap.  8vo,  3s.  6d. 

II. 

T'HE    HARROGATE    WATERS  :    Data   Chemical  and 
Therapeutical,  with  notes  on  the  Climate  of  Harrogate. 
Crown  8vo,  with  Map  of  the  Wells,  3s.  6d. 


K.  W.  OSTROM. 

Instructor  in  Massage  and  Svvedisli  Movements  in  the  Hospital  of  the  Univer- 
sity of  Pennsylvania. 

MASSAGE      AND     THE     ORIGINAL  SWEDISH 
MOVEMENTS.     Second   Edition,  With  Illustrations, 
i2mo.  {Nearly  ready. 


R.  DOUGLAS  POWELL,  M.D.,  F.R.C.P.,  M.R.C.S. 

Physician  to  the  Hospital  for  Consumption  and  Diseases  of  the  Chest  at 
Brompton,  Physician  to  the  Middlesex  Hospital. 

DISEASES  OF    THE  LUNGS  AND  PLEUR.^  IN- 
CLUDING  CONSUMPTION.     Third    Edition,  with 
coloured  plates  and  wood-engravings,  Svo,  i6s. 


FRANCIS  H.  RANKIN,  M.D. 

President  of  the  Nevi'port  Medical  Society. 

UYGIENE  OF  CHILDHOOD:    Suggestions  for  the  care 
ot  children  after  the  period  of  infancy  to  the  completion  of 
puberty.    Crown  Svo  3  s. 


New  and  Recent  Works  published  by 


SAMUEL  RIDEAL,  D.SC.  (LOND.),  F.I.C.,  F.C.S.,  FGS 

Fellow  of  University  College,  London. 


PRACTICAL  ORGANIC  CHEMISTRY.    The  detection 
and  properties  of  some  of  the  more  important  organic  com- 
pounds.   i2mo,  2s.  6d.  r  6  u 


PRACTICAL   CHEMISTRY    FOR   MEDICAL  STU- 

DENTS,     Required  at  the  First   Examination  of  the 
(-onjomt  txamming  Board  in  England.    Fcap.  8vo,  2s. 


E.  A.  RIDSDALE. 

Associate  of  the  Royal  School  of  Mines. 

^OSMIC  EVOLUTION:  being  Speculations  on  the  Origin 
of  our  Environment.    Fcap.  8vo,  3s. 


SYDNEY  RINGER,  M.D.,  F.R.S. 

Professor  of  the  Principles  and  Practice  of  Medicine  in  University  College, 
Physician  to,  and  Professor  of  Clinical  Medicine  in,  University 
College  Hospital. 

A  HANDBOOK  OF  THERAPEUTICS.    Twelfth  Edition, 
revised,  8vo,  15s. 


FREDERICK  T.  ROBERTS,  M.D.,  B.SC,  F.R.C.P. 

Examiner  in  Medicine  at  the  University  of  London;  Professor  of  Therapeu- 
tics in  University  College  ;  Physician  to  University  College  Hospital ; 
Physician  to  the  Brompton  Consumption  Hospital,  &c. 

I. 

A  HANDBOOK  OF  THE  THEORY  AND  PRACTICE 

^  OF  MEDICINE.  Eighth  Edition,  with  Illustrations, 
large  8vo,  21s. 

II. 

"THE  OFFICINAL  MATERIA  MEDICA.  Second  Edit., 
■*■  entirely  rewritten  in  accordance  with  the  latest  British 
Pharmacopoeia,  with  the  Additions  made  in  1890,  fcap.  Svo,  7s.  6d. 


BERNARD  ROTH,  F.R.C.S. 

Fellow  of  the  Medical  Society  of  London. 

"THE   TREATMENT  OF  LATERAL  CURVATURE 
OF   THE   SPINE.     Demy  Svo,  with  Photographic  and 
other  Illustrations,  5s. 
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ROBSON  ROOSE,  M.D.,  F.R.C.P.  EDIN. 
I. 

T  EPROSY,  AND  ITS  TREATMENT  AS  ILLUS- 
^  TRATED  BY  NORWEGIAN  EXPERIENCE.  Crown 
8vo,  3S.  6d. 

n. 

POUT,  AND  ITS  RELATIONS  TO  DISEASES  OF 
^  THE  LIVER  AND  KIDNEYS.  Sixth  Edition,  crown 
8vo,  3s.  6d. 

III. 

MERVE    PROSTRATION    AND    OTHER  FUNC- 
TIONAL  DISORDERS  OF   DAILY   LIFE.  Second 
Edition,  demy  8vo,  i8s.  l^ow  ready. 


DR.  B.  S.  SCHULTZE. 
THE   PATHOLOGY  AND   TREATMENT  OF  DIS- 

••■  PLACEMENTS  OF  THE  UTERUS.  Translated  by 
J.  J.  Macan,  M.A.,  M.R.C.S.,  and  edited  by  A.  V.  Macan,  B.A., 
M.B.,  Master  of  the  Rotunda  Lying-in  Hospital,  Dublin.  With 
Illustrations,  medium  8vo,  12s.  6d. 


WM.  JAPP  SINCLAIR,  M.A.,  M.D. 

Honorary  Physician  to  the  Manchester  Southern  Hospital  for  Women  and 
Children,  and  Manchester  Maternity  Hospital. 

QN    GONORRHCEAL    INFECTION     IN  WOMEN. 

Post  8vo,  4s. 


ALEXANDER  J.  C.  SKENE,  M.D. 

Professor  of  Gynecology  in  the  Long  Island  College  Hospital,  Brooklyn. 

T-REATISE    ON    THE     DISEASES    OF  WOMEN. 

^  With  251  engravings  and  g  chrome-lithographs,  medium 
8vo,  28s. 

ALDER  SMITH,  M.B.  LOND.,  F.R.C.S. 

Resident  Medical  Officer,  Christ's  Hospital,  London. 

DINGWORM:  ITS  DIAGNOSIS  AND  TREATMENT. 

^  Third  Edition,  rewritten  and  enlarged,  with  Illustrations, 
fcap.  8vo,  5s.  6d. 


JOHN  KENT  SPENDER,  M.D.  LOND. 

Physician  to  the  Royal  Mineral  Water  Hospital,  Bath. 

THE     EARLY     SYMPTOMS    AND    THE  EARLY 

^  TREATMENT  OF  OSTEO-ARTHRITIS,  commonly 
called  Rheumatoid  Arthritis.  With  special  reference  to  the  Bath 
Thermal  Waters.    Small  8vo,  2S.  5d. 


New  and  Recent  Works  published  by 


ciinv  ,P  r        rr..    "-O^'S  STARR,  M.D. 

Clinical  Professor  of  Diseases  of  Children  in  the  Hospital  of  the  University  of 

Pennsylvania. 

J^YGIENE  OF  THE  NURSERY.    Including  the  Gene- 
1  al  Regimen  and  Feeding  of  Infants  and  Children,  and-  the 
Domestic  Management  of  the   Ordinary  Emergencies  of  Early 
Life,    becond  edition,  with  illustrations,  crown  8vo,  3s.  6d. 

LEWIS  A.  STIMSON,  B.A.,  M.D. 

1  rofessor  of  Clinical  Surgery  in  the  Medical  Faculty  of  the  University  of  the 
City  of  New  York,  etc. 

^    MANUAL    OF    OPERATIVE    SURGERY.  With 
three  hundred  and  forty-two  Illustrations.    Second  Edition 
post  8vo,  los.  6d.  ' 


„,    .  .  JUKES  DE  STYRAP,  M.K.Q.C.P. 

Physician-Extraordinary,  late  Physician  in  Ordinary  to  the  Salop  Infirmary- 
Consulting  Physician  to  the  South  Salop  and  Montgomeryshire  ' 
Infirmaries,  etc. 


I. 


'pHE  YOUNG  PRACTITIONER:    With  practical  hints 
and  instructive  suggestions,  as  subsidiary  aids,  for  his  guid- 
ance on  entering  into  private  practice.    Demy  8vo,  7s.  6d.  nett. 

A    CODE  OF  MEDICAL  ETHICS:     With  general  and 
special  rules  for  the  guidance  of  the  faculty  and  the  public 
in  the  complex  relations  of  professional  life.     Third  edition 
demy  Svo,  3s.  nett. 

JYTEDICO-CHIRURGICAl'taRIFFS.     Fourth  edition, 
revised  and  enlarged,  fcap.  410,  2s.  nctf. 

IV. 

T^HE  YOUNG    PRACTITIONER:     HIS   CODE  AND 

TARIFF.    Being  the  above  three  works  in  one  volume. 
Demy  Svo,  los.  6d.  iiett. 


C.  W.  SUCKLING,  M.D.  LOND.,  M.R.C.P. 

Professor  of  Materia  Medicaand  Therapeutics  at  the  Queen's  College, 
Physician  to  the  Queen's  Hospital,  Birmingham,  etc. 

I. 

AN  THE  DIAGNOSIS  OF  DISEASES  OF  THE 
^  BRAIN,  SPINAL  CORD,  AND  NERVES.  With  Illus- 
trations, crown  Svo,  8s.  6d. 

II. 

rjN  THE  TREATMENT  OF  DISEASES  OF  THE 
^       NERVOUS  SYSTEM.    Crown  Svo,  7s.  6d. 


H.  K.  Lewis,  136  Gower  Street,  London.  15 


JOHN  BLAND  SUTTON,  F.R.C.S. 

Lecturer  on  Comparative  Anatomy,  and  Assistant  Surgeon  to  the  Middlesex 

Hospital. 

TIGAMENTS:    THEIR  NATURE  AND  MORPHO- 
LOGY.    Wood  engravings,  post  8vo,  ^s.  6d. 


HENRY  R.  SWANZY,  A.M.,  M.B.,  F.R.C.S.l. 

Examiner  in   Ophthalmic  Surgery  n  the  Royal  University  of  Ireland ; 
Surgeon  to  the  National  Eye  and  Ear  Infirmary,  Dublin,  etc. 

A   HANDBOOK  OF  DISEASES  OF  THE  EYE  AND 

A  THEIR  TREATMENT.  Third  Edition,  Illustrated 
with  Wood  Engravings,  Colour  Tests,  etc.,  large  post  8vo,  ids.  od. 

EUGENE  S.  TALBOT,  M.D.,  D.D.S. 

Professor  of  Dental  Surgery  in  the  Women's  Medical  College. 

IRREGULARITIES  OF  THE  TEETH  AND  THEIR 
^        TREATMENT.    With  152  Illustrations,  royal  8vo,  los.  6d. 


E.  G.  WHITTLE,  M.D.  LOND.,  F.R.C.S.  ENG. 

Senior  Surgeon  to  the  Royal  Alexandra  Hospital,  for  Sick  Children,  Brighton. 

PONGESTIVE  NEURASTHENIA,  OR  INSOMNIA 
^       AND  NERVE  DEPRESSION.    Crown  8vo,  3s.  6d. 


JOHN  WILLIAMS,  M.D.,  F.R.C.P. 

Professor  of  Midwifery  in  University  College,  London;  Obstetric  Physician  to 
University  College  Hospital 

PANCER  OF  THE  UTERUS:    BEING  THE  HAR- 

^  VEIAN  LECTURES  FOR  1886.  Illustrated  with  Litho- 
graphic Plates,  royal  8vo,  los.  6d. 


BERTRAM  C.  A.  WINDLE,  M.A.,  M.D.  DUBL.  • 

Professor  of  Anatomy  in  the  Queen's  College,  Birmingham  ;   Examiner  in 
Anatomy  in  the  Universities  of  Cambridge  and  Durham. 

A  HANDBOOK  OF  SURFACE  ANATOMY  AND 
^      LANDMARKS.    Illustrations,  post  8vo,  3s.  6d. 


DAVID  YOUNG,  M.C.,  M.B.,  M.D. 

Fellow  of,  and  late  Examiner  in  Midwifery  to,  the  University  of  Bombay,  etc. 

DOME  IN  WINTER  AND  THE  TUSCAN  HILLS 
^  IN  SUMMER.  A  Contribution  to  the  Climate  of  Italy. 
Small  8vo,  6s. 
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H.  K.  Lewis's  Publications. 


PERIODICAL  WORKS  "PUBLISHED  BY  H.  K.  LEWIS. 

THE  NEW  SYDENHAM  SOCIETTS  PUBLI- 
CATIONS.   Annual  Subscription,  One  Guinea. 

Report  of  the  Society,  with  Complete  List  of  Works  and  other  information, 
gratis  on  application. 


THE  BRITISH  JOURNAL  OF  DERMATOLOGY.  Published  monthly, 
IS.  per  no.    Annual  Subscription,  i2s.  post  free. 

THE  THERAPEUTIC  GAZETTE.  Edited  by  Dr.  R.  M.  Smith.  Annual 
■    Subscription,  los.,  post  free. 

THE  GLASGOW  MEDICAL  JOURNAL.  Published  Monthly  Annual 
Subscription,  20s.,  post  free.    Single  numbers,  2S.  each. 

LIVERPOOL  MEDICO-CHIRURGICAL  JOURNAL,  including  the  Pro- 
ceedings of  the  Liverpool  Medical  Institution.  Published  twice  yearly 
3s.  fid.  each  number. 

MIDDLESEX  HOSPITAL.  Reports  of  the  Medical,  Surgical,  and  Patholo- 
gical Registrars  for  1883  to  1888.    Demy  8vo,  2S.  6d.  nett  each  volume. 


f  LINICAL  CHARTS  FOR  TEMPERATURE  OBSERVATIONS,  ETC 
^  Arranged  by  W.  Rigden,  M.R.C.S.  Price  is.  per  doz., 
7s.  per  100,  15s.  per  250,  28s.  per  500,  50s,  per  1000. 
Each  Chart  is  arranged  for  four  weeks,  and  is  ruled  at  the  back  for  making 
notes  of  cases  ;  they  are  convenient  in  size,  and  are  suitable  both  for  hospital 
and  private  cases. 

T  EWIS'S  CLINICAL  CHART,  SPECIALLY  DE- 
i-'  SIGNED  FOR  USE  WITH  THE  VISITING  LIST. 
This  Temperature  Chart  is  arranged  for  four  weeks,  and  measures 
6X3  inches.  30s.  per  1000,  i6s.  6d.  per  500,  3s.  6d.  per  100, 
IS.  per  25,  6d  per  12. 

r  EWIS'S  NURSING  CHART.    25s.  per  1000,  14s.  per  500, 
3s.  6d.  per  100,  2S.  per  50,  or  is.  per  20. 


*  •  Mr.  Lewis  is  in  constant  communication  with  the  leading 
publishing  firms  in  America  and  has  transactions  with  them  for 
the  sale  of  his  publications  in  that  country.  Advantageous 
arrangements  are  made  in  the  interests  of  Authors  for  the 
publishing  of  their  works  in  the  United  States. 

Mr.  Lewis's  publications  can  be  procured  of  any  Bookseller  in 
any  part  of  the  world. 

Complete  Catalogue  of  PnbHcatioiis  post  free  on  application. 
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